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The cognitive-linguistic processes underlying early spelling abilities in English were 
compared longitudinally across two groups of English-Mandarin bilingual children (50 
English L1-Mandarin L2 and 50 Mandarin L1-English L2 5-6 year-olds) who were attending 
similar neighbourhood kindergartens in Singapore.  The relationships between L1 and L2 
phonological processing abilities, letter knowledge and spelling sophistication in early 
spelling attempts were investigated using parallel tasks in English and Mandarin. More 
specifically, measures of nonverbal ability (Raven‟s CPM), receptive vocabulary (BLAB), 
syllable and phoneme awareness, rapid automatic naming (RAN digits), verbal short term 
memory (digit recall), and verbal working memory (backward digit recall), letter knowledge 
(letter-names and letter-sounds) and a formal spelling task (WRAT 4) were administered at 
Time 1. At Time 2, six months later, an experimental word spelling task (N=52 items) was 
administered and the children‟s responses were scored in terms of spelling sophistication 
(Treiman & Bourassa, 2000).   
The main objectives of this study were (1) to compare performance of the two groups 
of bilingual children on the above measures, (2) to determine the important skills for spelling 
sophistication in these children, and (3) to evaluate the efficacy of L1 to L2 phonological 
processing skills. Results showed that English L1-Mandarin L2 children had significantly 
better phoneme awareness than Mandarin L1-English L2 children in both English and 
Mandarin. Mandarin L1-English L2 children performed significantly better at Mandarin rapid 
naming but performed similarly to English L1-Mandarin L2 children on English rapid 
naming. Children also performed better on verbal memory measures that were conducted in 
their L1. After controlling for nonverbal IQ, vocabulary and age, English syllable awareness, 
English and Mandarin phoneme awareness, English verbal working memory and letter 
knowledge were significant individual predictors for English L1-Mandarin L2 children; 
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whereas English and Mandarin syllable and phoneme awareness, English rapid naming, 
Mandarin verbal working memory and letter knowledge were significant for Mandarin L1-
English L2 children. However, after accounting for prior spelling ability, English verbal 
working memory and English rapid naming did not contribute to spelling sophistication in 
English L1-Mandarin L2 and Mandarin L1-English L2 children respectively. The strongest 
predictor of spelling sophistication for English L1-Mandarin L2 children was phoneme 
awareness, whereas phoneme awareness, syllable awareness and letter knowledge were 
important for Mandarin L1-English L2 children. In addition, L1 and L2 phonological 
processing abilities were moderately correlated and accounted for comparable amounts of 
variance in spelling for both groups. This suggests that phonological processing in L1 or L2 
were equally good predictors of English spelling sophistication for these children, and may be 
indicative of shared language-general skills that can be applied across dissimilar languages, 
such as English and Mandarin. Thus, although Mandarin and English differ markedly in 
terms of phonology and orthography, this study provided evidence that phoneme awareness 
remains important for English spelling regardless of the child‟s first language. Moreover, 
letter knowledge, an additional significant predictor for Mandarin L1-English children only, 
appears to compensate for relatively weak phoneme awareness in the Mandarin L1-English 
L2 children. The practical and theoretical implications of these results are briefly discussed.   
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Predictors of Spelling Development in Bilinguals: A Comparison of English L1 and 
Mandarin L1 Children 
Spelling is usually more difficult for children than reading because phoneme-to-letter 
correspondences are more inconsistent and harder to learn than letter-to-phoneme 
correspondences (Bosman & Van Orden, 1997), hence making guesses in spelling is more 
error-prone than reading (Ehri, 1997). Yet, spelling has received less attention than reading 
(Treiman, 1997). Furthermore, the majority of research has concentrated largely on English 
monolingual children (Figueredo, 2006); but with the increasing number of children who are 
bilingual and who have English as a second language, it is becoming important to understand 
the development of spelling for this group of children.  
Since Read‟s (1975) work on children‟s invented spellings, it is widely acknowledged 
that early spelling is heavily influenced by phonology. Children‟s early spellings are often 
attempts to represent the sounds they hear in words to letters (Treiman, 1993). Models of 
spelling development commonly depict children as progressing through a series of stages; 
moving from a logographic stage to an alphabetic and finally to an orthographic stage (e.g., 
Frith, 1980; Ehri, 1997; Treiman, 1993). However, letter names and orthographic knowledge 
have also been identified as tools used by young spellers (Treiman & Cassar, 1994) and 
Rittle-Johnson and Siegler (1999) reported that a variety of methods (e.g., sounding out, 
retrieval and analogy) are used in spelling  even by beginner spellers.  
Research on spelling have either analysed spelling qualitatively by giving descriptions 
of what children had written, or looked at children‟s spelling accuracy. However, children‟s 
early attempts at spelling reflect an early aspect of literacy acquisition and reveal different 
levels and types of knowledge that are concealed if spellings were merely scored as correct or 
incorrect. When native English children‟s spellings were scored using a measure of phonemic 
accuracy in Caravolas, Hulme and Snowling, (2001), letter sound knowledge and phoneme 
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isolation skills predicted spelling development consistently at age 5-6.  However, though 
invented spelling is often seen as a proxy for phoneme awareness (McBride-Chang, 1998; 
McBride-Chang & Ho, 2005), it is also influenced by orthographic and morphological 
knowledge (Ouellette & Senechal, 2008). For this reason, it is necessary to use a composite 
spelling system that incorporates both phonological and orthographic information presented 
in spelling attempts in young children. Tangel and Blachman (1992) devised a scoring system 
that considered four features of children‟s spellings that reveal spelling sophistication: the 
total number of phonemes represented, level of orthographic representation, whether the 
salient letter is represented and the presence of intrusions. For instance for the word sick, 
<sic> and <cic> would obtain the same scores on a phonological plausible scale but <sic> 
contains more to orthographic information and would score higher than <cic> on a composite 
spelling system. These spelling attempts, with varying levels of sophistication, are more 
reliable indicators of underlying cognitive-linguistic processes. Ouellette and Senechal (2008) 
used Tangel and Blachman‟s (1992) scoring system and found letter sound knowledge, 
phoneme awareness, orthographic knowledge and morphological knowledge as significant 
predictors. Thus, examining spelling sophistication provides an opportunity to explore the 
cognitive-linguistic skills involved in spelling development when few children are able to 
spell conventionally (Treiman & Bourassa, 2000; Ouellette & Senechal, 2008).  
For bilingual children with English as a second language (L2), developing spelling 
proficiency is likely to be more challenging than for English first language (L1) children. 
Many English L2 children may have little or no exposure to English at home before entering 
school. If these children‟s two languages differ widely in phonological and orthographic 
structures, the knowledge gained from their first language may not provide them with the 
same cognitive-linguistic foundation as English L1 children in the same classroom. There is a 
need to establish the processes that underlie spelling development for both English L1 and L2 
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learners and given the pedagogical implications, determine if the processes are of equal 
importance to both groups.  
In this six-month longitudinal study of English-Mandarin bilingual children, the first 
objective was to compare the performance of English L1-Mandarin L2 with Mandarin L1-
English L2 kindergarteners on English and Mandarin phonological processing skills and 
English letter knowledge. The second objective was to determine the processes that 
contribute to the development of spelling skills over time, and whether the same processes 
predict spelling for both groups of children. Lastly, the efficacy of second language 
phonological processing skills was compared with first language phonological processing 
skills in predicting spelling development. 
Phonological Processing Skills 
Phonological processing is defined as the use of the sounds of one‟s language in 
processing oral and written language (Wagner & Torgesen, 1987). Three phonological 
processing abilities have been linked to literacy development: phonological awareness, 
which refers the ability to identify and manipulate sublexical speech segments at the level of 
syllables, onsets, rimes and phonemes (Treiman, 1991); phonological recoding in lexical 
access, which refers to the ability to efficiently access lexical information and retrieve 
phonological labels (Jongejan, Verhoeven & Siegel, 2007); and phonological working 
memory, which involves the short term storage and manipulation of verbal information 
(Baddeley, 1986; 2003). A review of each phonological processing skill is given below.  
Phonological Awareness 
 There are many studies showing the importance of phonological awareness in 
predicting literacy skills for English L1 children (Caravolas, Hulme & Snowling, 2001; 
McBride-Chang, 1995; Rayner, Foorman, Perfetti, Pesetsky & Seidenberg, 2001). One 
striking long-term study by MacDonald and Cornwall (1995) measured phonological 
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awareness of children in kindergarten (aged 6) using a phoneme deletion task and found that 
their performance predicted their decoding and spelling ability over ten years later. The 
importance of phonological awareness is not restricted to alphabetic scripts. Huang and 
Hanley (1995) found that phoneme deletion was associated with Chinese character 
recognition both in children from Taiwan and Hong Kong. The salience of the phoneme for 
these native Chinese children seemed surprising and may not be accurate measures of their 
phonological awareness given that the Chinese script is morpho-syllabic. As phonological 
awareness can be measured at different levels, McBride-Chang and Ho (2000) argued that 
using a syllable deletion task to measure phonological awareness in children learning 
Mandarin would be more valid as Mandarin is syllabic in nature. This is in line with previous 
research that spoken home language background affects phonological processing skills. A 
comparison of English-speaking and Czech-speaking children on oral and written tasks found 
that the English children performed better at separating onsets from vowels than in separating 
parts of onsets, while Czech children performed at similar levels for both identifying the 
whole onset and parts of the onset (Caravolas & Bruck, 1993). This was attributed to the 
distinctiveness of onset-rimes in the English language and the complexity of syllabic onsets 
in the Czech language. Other studies have also found differential awareness of phonological 
structures due to the nature of the home language when comparing Turkish and English 
speaking children (Durgunoglu & Oney, 1999); Cantonese and English speaking children 
(Cheung, Chen, Lai, Wong & Hills, 2001); and Indonesian, English and Mandarin speaking 
children (Rickard Liow & Poon, 1998). This suggests that young children with Mandarin as 
first language may have difficulty with manipulating phonemes as their home language 
emphasises syllabic structure.  
For some types of bilingual children, phonological awareness can be transferred 
across languages (Spanish-English: Cisero & Royer, 1995; Durgunoglu, Nagy & Hancin-
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Bhatt, 1993). Comeau, Cormier, Grandmaison and Lacroix (1999) tested English-speaking 
children, who were in French immersion classes, for phonological awareness in both the 
French and English languages. Results showed that children‟s phonological awareness 
abilities in both languages were strongly correlated. Other studies showed evidence of 
transfer even for languages that are not similar in structure. Gottardo, Yan, Siegel and Wade-
Woolley (2001) found that rhyme detection in Mandarin was significantly correlated with 
English rhyme detection and English phoneme deletion in bilingual children with Cantonese 
as L1.  
These findings suggested that phonological awareness measured in children‟s L1 may 
predict literacy in the child‟s L1 as well as L2. Indeed, Chinese phonological awareness as 
measured by the rhyme detection task in Gottardo et al.‟s (2001) study predicted English 
reading significantly after controlling for English phonological awareness. Similar findings 
were obtained by Lindsey, Manis and Bailey (2003) in Spanish L1-English L2 bilingual 
children. Kindergarten children‟s (aged 6 years) Spanish letter name knowledge was a good 
predictor of both their English and Spanish reading abilities in Grade 1. In another study of 
Chinese kindergarteners (aged 4 years), phonological processing skills in children‟s L1, as 
measured by syllable deletion, verbal memory and speeded naming, predicted their English 
L2 word reading 22 months later (McBride-Chang & Ho, 2005). However, English L2 
phonological processing skills did not predict English L2 reading except for a developmental 
spelling task which was used as a proxy for sensitivity to phonemes. This raises the 
possibility that first language phonological processing skills may be a better predictor of 
literacy skills in any language than second language phonological processing skills. 
Phonological Recoding in Lexical Access  
The second related phonological processing skill, phonological recoding in lexical 
access, has often been measured using Rapid Automatic Naming (RAN) tasks. The basic 
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paradigm requires children to name arrays of visually-presented stimuli (objects, coloured 
blocks, digits or letters) as quickly as possible. Deficits in naming speed have been found in 
poor readers compared to good readers in English (Bowers, 1995; Felton, Naylor & Wood, 
1990) and in Mandarin (Ho & Lai, 1999). However, the results are mixed when RAN has 
been used as a predictor of reading ability in children. Torgesen, Wagner, Rashotte, Burgess 
and Hecht (1997) found that though rapid naming measured at Grade 2 predicted reading 
ability 2 years later for children, it was no longer significant when prior reading abilities at 
Grade 2 were controlled for. On the other hand, Kirby, Parrila and Pfeiffer (2003) tracked 
kindergarten children in phonological awareness and rapid naming from kindergarten (aged 5 
years) to Grade 5, six years later. Their results showed that though phonological awareness 
was strongly associated with reading during the first two years, the correlations between rapid 
naming and reading ability became stronger with increasing age. Thus, although there are 
some inconsistencies, RAN is still considered to be a useful predictor of reading and spelling 
abilities in alphabetical languages (De Jong & Van der Leij, 1999; Lindsey et al., 2003) and 
also for Mandarin word recognition (Hu & Catts, 1998; McBride-Chang & Ho, 2000).  
As rapid naming requires quick retrieval of phonological labels associated with the 
visual stimuli, the RAN-reading was explained as the child‟s access to well-specified 
phonological representations (Snowling & Hulme, 1994). There is evidence, however, 
suggesting that rapid naming may be independent from phonological factors. Wagner, 
Torgesen, Laughon, Simmons and Rashotte‟s (1993) confirmatory factor analysis showed 
that rapid naming loaded on a separate factor from phonological awareness and verbal short 
term memory. In fact, Manis, Seidenberg and Doi (1999) found rapid naming to predict 
aspects of reading different from that predicted by phonological awareness. They investigated 
the relationships between rapid naming and phonological awareness to phonological and 
orthographic skills in children (aged 7-8 years) from Grade 1 to Grade 2. Though both rapid 
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naming and phonological awareness accounted for unique variance in reading ability one year 
later, the two variables contributed variance to different tasks tapping separate components of 
reading ability: RAN was a better predictor for tasks that emphasised orthographic 
knowledge such as exception word reading and orthographic choice, whereas sound deletion 
(syllable and phoneme deletion) predicted performance on nonword reading. Based on these 
results, Manis et al. (1999) argued that rapid naming tasks gauges arbitrary symbol-name 
associations, just as reading exception words (e.g., yacht) required retrieval of arbitrary item-
specific knowledge. Manis et al.‟s (1999) finding that RAN predicted orthographic 
knowledge was replicated by Clarke, Hulme and Snowling (2005) with 8-11 year olds. For 
these older children, RAN contributed unique variance to exception word reading after 
controlling for phonological awareness. If RAN does indeed gauge the ability to create 
arbitrary mappings between visual symbols and phonological labels, it may serve as a 
compensatory mechanism for English L2 children who are unable to utilize their other 
weaker phonological abilities to support language acquisition. Evidence for this was reported 
by Jongejan, Verhoeven and Siegel (2007). They found RAN to be an additional predictor of 
reading and spelling abilities in English L2 children though not in native English L1 children. 
English L2 children had better performances on RAN and this may have helped to allay their 
poorer abilities in syntactic awareness and verbal working memory.  
Phonological Working Memory 
According to Baddeley (1986, 2003), working memory comprises of the phonological 
loop (short term storage of verbal information), visuo-spatial sketchpad (short term storage of 
visuo-spatial information), and the central executive (simultaneous storage and processing of 
verbal or visuo-spatial information).  
In particular, Baddeley, Gathercole and Papagno (1998) suggested that the function of 
the phonological loop (verbal short term memory) is to help with learning of new words by 
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storing unfamiliar phonological forms temporarily while permanent memory representations 
are created. Evidence for this came from several studies using the nonword repetition task as 
a measure of phonological loop storage capacity (see Gathercole, 2006 for review). A group 
of 5 year old children, who took part in experimental word learning tasks, were also tested for 
nonword repetition and digit span (Gathercole, Hitch, Service and Martin, 1997). The 
phonological memory measures were associated with the children‟s ability to learn new word 
structures. Significant correlations were also found for foreign word learning and nonword 
repetition for Greek-English children (Masoura & Gathercole, 1999) and Chinese-English 
children (Hu, 2003). Muter and Snowling (1998) found nonword repetition to be a good long 
term predictor of reading accuracy. Scores obtained at age 5 predicted children‟s reading 
accuracy at age 9 and discriminated good readers from poor readers accurately (Muter & 
Snowling, 1998).  Several other studies found span measures to be predictive of reading and 
spelling abilities in both native English L1 and English L2 children (Lesaux, Rupp & Siegel, 
2007; Lipka & Siegel, 2007). However, verbal short term memory did not predict unique 
variance in reading when phonological awareness was controlled for (Parrila, Kirby & 
McQuarrie, 2004; de Jong & van der Leij, 1999). Hence the relationship between short term 
memory and literacy skills remains unclear even though a phonological short term storage 
component that mediates phonological analysis of dictated words and phoneme-to-grapheme 
conversion appears to be required in spelling (Baddeley, 2005).  
Most studies have used span measures or nonword repetition as a measure of 
phonological working memory skill. However, Baddeley‟s (1986, 2005) working memory 
model consists not only of a short term memory store but a central executive component that 
is involved in the simultaneous storage and processing of information. The central executive 
(referred to as working memory) is usually measured using tasks that require manipulation of 
stored information. For example, remembering the last word of each sentence presented while 
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at the same time having to comprehend and process the sentences presented. Swanson and 
Howell (2001) compared working memory and short term memory skills as predictors for 
reading ability in children at ages 9 and 14, and found that working memory contributed 
independently to word recognition after short term memory skills were controlled for. They 
concluded that short term memory and working memory operate independently of each other 
and that short term memory tasks do not necessarily tap on a subset of working memory 
capabilities. Indeed, working memory was proposed as a limited-capacity attentional control 
system, managing both the phonological loop and visuo-spatial sketchpad (Baddeley, 2003). 
For spelling, such a control system is required for allocating attention to the different phrases: 
phonological analysis, storage, conversion of phonemes to graphemes, and coordinating 
grapho-motor sequences. Despite the functional difference between short term memory and 
working memory, most researchers have chosen to include only one memory task, either a 
span task (measuring short term memory) or a complex task (measuring working memory), 
and not both tasks in their studies. This makes it difficult to tease apart the contributions of 
short term memory and working memory in literacy abilities, especially in young children 
who are beginning to learn a language.  
Phonological Processing Skills in Bilingual Children 
As the above review of the three phonological processing skills suggest, there is a 
substantial body of research on native English L1 children. As geo-political boundaries break 
down, more children are learning English as a second language so interest in how bilinguals, 
who are English L2, read and spell compared to English L1 children is increasing. McBride-
Chang and Kail (2002) compared Chinese kindergarteners in Hong Kong who were English 
L2 with native English children in America on phonological awareness, speeded naming, 
visual spatial skill, processing speed and reading. The model predicting English word 
recognition for the Chinese children was similar to that of native English children: 
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phonological awareness was strongly related, speeded naming was weakly associated and 
visual spatial skills were unrelated. Lesaux, Rupp and Siegel (2007) also found that factors 
such as letter identification, working memory and phonological awareness predict word 
reading similarly for their sample of native English and English L2 children of diverse 
linguistic backgrounds, from kindergarten to Grade 4 (aged 5 to 10 years). This was obtained 
despite the native English children performing better in the working memory and 
phonological awareness tasks.  However, Lipka and Siegel (2007) found different factors to 
be important for native English and English L2 children (aged 5 years) in predicting word 
reading 3 years later. Phonological awareness, verbal memory, RAN and letter identification 
accounted for significant variance in word reading at age 8 for native English kindergarteners, 
whereas only verbal memory and letter identification were significant predictors for English 
L2 children. Native English children performed better in phonological awareness, verbal 
memory and RAN tasks than the English L2 children at age 5 but no group differences were 
obtained 3 years later. Similarly, another study conducted on native English and English L2 
children by Jongejan, Verhoeven and Siegel (2007) found different predictors involved in the 
reading and spelling abilities of the two groups. For reading, phonological awareness was the 
strongest predictor for both groups and RAN performance was the next most significant 
predictor. Verbal memory was an additional predictor for the native English children only. 
For spelling, phonological awareness was again the strongest predictor for both groups but 
verbal memory was an additional predictor for the native English group. There were group 
differences on children‟s performances on RAN and verbal memory but no differences on 
phonological awareness.  
In most studies, bilingual children with English as a second language were compared 
to native English monolingual children. This raises a possible confound as being bilingual 
may bring with it certain advantages that contribute to better metalinguistic awareness and 
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hence, literacy attainment. One advantage of bilingualism is a general understanding of the 
concept of print (Bialystok, Luk & Kwan, 2005). Second, being bilingual in certain languages, 
which have a similar phonological and orthographic system as English, facilitates a transfer 
of strategies, e.g., phonological awareness (Bialystok, Majumder & Martin, 2003; Bialystok 
et al., 2005). These advantages enhance bilingual children‟s acquisition of literacy skills and 
comparisons with native English monolinguals may obscure true reflections of group 
differences. Furthermore, studies with English L2 learners have often collapsed children from 
different L1s (e.g., English L2 children in Jongejan et al.‟s (2007) study had Chinese, 
Gujarati, Urdu and Greek as L1s; Lesaux et al‟s (2007) had English L2 children from 33 
different language backgrounds), but it is the features of the linguistic background of children 
that determine the type of strategies or skills that are transferable to learning of English L2. 
Hence, some bilingual children may have certain metalinguistic advantages while others may 
not. 
The Present Study 
Using a sample from Singapore can overcome such difficulties as both groups of 
children to be compared (English L1-Mandarin L2 vs. Mandarin L1-English L2) are 
bilinguals with the same pair of languages. These children attend government kindergartens 
where instruction in schools tends to be standardized. Hence, any differences between the 
two groups of children can be attributed to differences in processes used by the two groups 
due to expertise gained from the first language. English-Mandarin bilinguals also present an 
interesting mix of languages, widely different in phonological and orthographic aspects. With 
the increasing number of such bilinguals compared to bilinguals with combinations of 
alphabetic European languages, this study provides an opportunity to investigate the extent of 
influence of Mandarin, a nonalphabetic language, on the acquisition of English, an alphabetic 
language, in relatively homogenous groups of bilingual children. A review on spelling in 
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English L2 children by Figueredo (2006) found few studies on bilingual children with 
dissimilar languages and only a small number investigating longitudinal predictors in these 
children‟s spelling development. Longitudinal predictors may differ from concurrent 
predictors and provide different types of information regarding the processes used by 
bilingual children. McBride-Chang (1998) found kindergarteners showing progress in 
invented spelling when tested in 5-month intervals, suggesting that literacy development is 
rapid in the early years. For this reason, children in this study were followed over 6 months in 
kindergarten to explore longitudinal predictors involved in spelling. 
Second-Language Learning in Singapore  
Singapore has a bilingual educational policy which requires all children to learn to 
read and write in English and a second language. As English is the official working language 
of Singapore, learning it is compulsory and it is termed „first language‟. The „second 
language‟ studied is the „mother tongue‟ based on the official language of one‟s ethnicity 
(Mandarin-Chinese, Bahasa Melayu-Malay and Tamil-Indian) (Foley, 1998). The use of the 
term „mother tongue‟ does not refer to the languages used during childhood or individual‟s 
ancestral language (Gupta, 1998). However, before schooling occurs for children at ages 4-5 
at nurseries and kindergartens, the main source of exposure to a spoken language is in the 
home. The home language, the language used by family members as the main mode of 
communication, is seen as the child‟s first language (L1). Since all children are required to 
learn two languages, phonological and orthographic characteristics from the child‟s home 
language, i.e., first language, influence how children develop their spelling skills.  
Several studies have shown how children‟s first language influences their 
performance on spelling tasks. Rickard Liow and Poon (1998) compared children with 
Indonesian L1, English L1 and Mandarin L1 on three spelling tasks and found that the three 
groups had differing levels of phonological awareness, consistent with the transparency in the 
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orthography of the children‟s L1. Bahasa Indonesia has the shallowest script, hence the 
Bahasa Indonesia-L1 group showed the highest levels of phonological awareness; while 
Mandarin has a deep orthography resulting in poor phonological awareness for the Mandarin 
L1 children. In another study, Rickard Liow and Lau (2005) used a flaps paradigm to 
compare the phonological sensitivity of three groups: Malay L1, English L1 and Mandarin L1 
children. As Malay has a shallow script, Malay L1 children had high levels of phonological 
awareness, hence they were more sensitive to phonetic properties of flapped words and were 
more likely to substitute /t/ with /d/ in the flaps task. 
Phonological Processing Skills in English-Mandarin Bilingual Children 
The three phonological processing skills are now reviewed in turn in relation to 
English-Mandarin bilingual children. 
Phonological Awareness 
The basic speech unit in Mandarin is the syllable, which has a simple (C)V(C) 
structure (Leong, 1997). The language is known as morphosyllabic as the smallest unit is 
both a syllable and a morpheme (McBride-Chang & Kail, 2002). Its phonetic information is 
encoded at the syllable level and (possibly) also at the onset and rime level (Gottardo et al., 
2001). Unlike Mandarin, the basic unit in English is the phoneme and it has a much more 
complex phonological structure. For example, consonant clusters are common in English but 
do not exist in Mandarin. Oral exposure to such complex syllabic structure enables English 
L1 children to have better phonemic awareness. This is important in acquisition of an 
alphabetic language such as English (Caravolas & Bruck, 1993; Cheung et al., 2001). Hence, 
due to these differences between the characteristics of the children‟s L1, both English and 
Mandarin syllable and phoneme awareness were tested. It is important to note that syllable 
and phoneme awareness are both part of the phonological awareness construct and because 
children develop sensitivity for larger units before smaller units, having both measures also 
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allow for a range of phonological awareness measures that are developmentally appropriate 
for such young children (Anthony & Lonigan, 2004). Since the syllable is the most basic 
level of phonological awareness (Treiman & Zukowski, 1991) and is isomorphic to the 
structure of Mandarin, both English L1-Mandarin L2 and Mandarin L1-English L2 groups 
would be expected to perform similarly on the English and Mandarin versions of a syllable 
deletion task. Research showing that phonological awareness can be transferred across 
languages (Cisero & Royer, 1995; Comeau et al., 1999) suggests phonological awareness to 
be a language-general ability, so English L1 children who perform well in English 
phonological awareness tasks would also perform well on Mandarin phonological awareness 
tasks. However, Mandarin children (aged 4-7 years) have previously been observed to have 
poorer phonemic awareness than English speakers (Cheung et al., 2001; Bialystok et al., 
2005) as the Mandarin language does not emphasise the phoneme. For this reason, the 
Mandarin L1-English L2 children were predicted to have poorer English and Mandarin 
phoneme awareness than English L1-Mandarin L2 children. 
Successful acquisition of the alphabetic principle, which refers to the understanding 
that printed letters stand for individual sounds of the spoken language (Byrne, 1998), is 
essential for reading an alphabetic script such as English. Children focus on grapheme-
phoneme correspondences when learning to read in languages with relatively consistent 
orthography. However, when grapheme-phoneme mapping is inconsistent (e.g., English) or 
unavailable (e.g., Mandarin), children are obliged to rely on larger sized units, such as the 
syllable, in early reading acquisition (Ziegler & Goswami, 2005). Hence, a variety of 
strategies is used by English learners: grapheme-phoneme correspondences, recognition of 
rime letter patterns and whole word recognition. Both small-unit (e.g., phoneme) and large-
unit (e.g., rime, syllable, whole word) strategies are developed simultaneously. This may also 
be true for spelling acquisition. The use of larger size units for spelling acquisition was 
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observed in children who use letter names to replace whole syllables (e.g., <b> for bee; <r> 
for /ar/ in car; Treiman & Cassar, 1994).  
Phoneme awareness is required to separate a word into sublexical phonemic units 
which then allows for matching of letters to these units in spelling. If the syllable is just as 
important for beginning spellers, both syllable and phoneme awareness will be important 
predictors for how sophisticated spelling attempts are. Due to the nature of the English 
orthography and the importance of the phoneme in English, phoneme awareness is important 
even for English L2 learners who have a nonalphabetic L1 (Hong Kong Chinese-English 
bilinguals: McBride-Chang & Kail, 2002; McBride-Chang, Tong, Shu, Wong, Leung & 
Tardif, 2008).  For this reason, both English and Mandarin syllable and phoneme awareness 
were expected to be significant predictors of English spelling sophistication for both English 
L1-Mandarin L2 and Mandarin L1-English L2 groups. 
Rapid Automatic Naming 
 Given that rapidly naming objects requires fast retrieval of phonological labels 
through lexical access, oral language proficiency is vital (Jongejan et al., 2007; Lipka & 
Siegel, 2007). Bilingual children will find it more difficult with RAN tasks when asked to do 
the task in their L2. Thus, English L1-Mandarin L2 children were expected to perform better 
than Mandarin L1-English L2 children in the English RAN task; but would perform poorer in 
the Mandarin RAN task compared to Mandarin L1-English L2 children. 
Children use variable spelling methods even in early spelling and retrieval is one of 
the fastest and most accurate methods (Rittle-Johnson & Siegel, 1999). Retrieval in this case 
is defined as the quick and automatic activation of either word (e.g., high frequency words) or 
subword information (e.g., syllable, letter), that does not involve the explicit use of rules, for 
spellings. This is different from a sounding out method, which requires explicit use of 
phoneme-grapheme rules to match individual sounds to letters. Since RAN is a measure of 
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retrieval efficiency, English RAN, but not Mandarin RAN should predict children‟s spellings 
for both groups.   
In addition, due to the logographic nature of the Mandarin script, graphic information 
and visual processing skills may be necessary in learning to read Mandarin (McBride-Chang 
& Treiman, 2003). The transfer of such a reading strategy from their L1 results in Mandarin 
L1 children tending to use a visual whole word method in reading and spelling even in 
English (Rickard Liow, 1999; Wang & Geva, 2003a). For example, a visual paired associate 
learning task was shown to be correlated to the reading abilities of children from Hong Kong 
and Taiwan but not for native English children from New Zealand (Huang & Hanley, 1994). 
If, as Manis et al. (1999) argue, RAN taps an individual‟s ability to create arbitrary mappings 
between visual symbols and phonological labels, RAN should be a stronger predictor for the 
Mandarin L1-English L2 children than English L1-Mandarin L2 children because of greater 
reliance on visual processing skills.  
Verbal Short Term and Working Memory 
 When Thorn and Gathercole (1999) compared the performance of French-English 
bilinguals on measures of verbal short term memory and vocabulary in both languages, 
results showed that performance on the short term memory measure in a particular language 
was associated with the child‟s vocabulary in that specific language. Based on this finding, 
they argued that verbal short term memory is language-specific due to the application of 
long-term knowledge about the structure of the language to the material held in memory. This 
process of rebuilding information in short term storage using long term knowledge is known 
as redintegration (Thorn, Gathercole & Frankish, 2005). Long term knowledge is more 
readily available, thus increasing success of rebuilding the information in short term memory 
through redintegration. Evidence for this also comes from long term memory effects on short 
term memory performance: the „wordlikeness‟ effect where nonwords that were more 
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„wordlike‟ or more familiar had greater memory spans (Gathercole, 1995; Hulme, Maughan 
& Brown, 1991). Majerus, Van der Linden, Mulder, Meulemans and Peters (2004) also found 
that verbal short term memory performance was dependent on sublexical phonological long 
term memory effects using an artificial phonotactic grammar learning paradigm. This 
supported the proposal that effectiveness of the verbal short term memory relies on the 
quality phonological representations in long term memory (Adams & Gathercole, 2000).  As 
verbal short term memory is partly controlled by working memory, it suggests that working 
memory may also be language-specific. Therefore, if verbal memory is language-specific, 
English L1-Mandarin L2 children should perform better on the English STM and WM tasks 
than the Mandarin L1-English L2 children; whereas the Mandarin L1-English L2 children 
should perform better on the Mandarin tasks than the English L1-Mandarin L2 group. 
As the process of early spelling requires the child to hold the word in memory while 
segmenting it and also mapping letters to phonemes, it follows that verbal short term and 
working memory should both contribute to spelling development. A significant correlation 
between verbal memory and spelling was reported by Caravolas et al. (2001) and Ouellette 
and Senechal (2008) for native English children. However, the verbal memory measure was 
not significant after phonological awareness was accounted for in studies on spelling 
development (Ouellette & Senechal, 2008) and reading ability (de Jong & van der Leij, 1999; 
Parrila et al., 2004). Phonological awareness tasks require both storage and manipulation of 
information and verbal memory has been reported to contribute unique variance to 
phonological awareness (McBride-Chang, 1995). Thus far, it is unclear whether verbal 
memory contributes any unique variance beyond other phonological processing tasks. For 
this reason, one, both or neither verbal memory measure may contribute to spelling 
development in the groups of bilingual children across time, but any effect could disappear 
after controlling for other phonological processing tasks.  
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Letter Knowledge 
Besides phonological processing skills, letter knowledge has been shown to be 
another important skill for successful literacy acquisition. Letter knowledge consists of 
knowledge of letter-name and letter-sound. Native English children typically pick up letter 
names at a young age before acquiring letter sounds (McBride-Chang & Treiman, 2003). 
Letter names provide clues to the sounds of the letters, which are useful in decoding new 
words (Treiman, Tincoff, & Richmond-Welty, 1996) and letter sounds allow children to map 
individual phonemes to print. The use of letter knowledge by native English children implies 
that they try to understand print and sound relationships by using what they know about letter 
names and letter sounds (McBride-Chang & Treiman, 2003). Evidence for the use of letter 
name knowledge by children comes from Treiman and Cassar‟s (1994) review on the types of 
information used by children in their spellings. For example, when native English children 
were asked to spell syllables containing phoneme sequences that matched English letter 
names, they often spelled with the letter of the letter-name sequence in the syllable (e.g., <R>  
for /gar/; <T> for /tib/). There are also several studies on invented spelling (Tangel & 
Blachman, 1992; McBride-Chang, 1998; Treiman & Bourassa, 2000) that have documented 
children‟s use of letter-name knowledge in early spellings.  
Although letter-name and letter-sound knowledge are treated as parts of the same 
construct, they seem to have separable effects (Wagner, Torgesen & Rashotte, 1994). Thus, 
both types of knowledge were assessed in this study. As letter knowledge is associated with 
exposure to oral language and print, the English L1-Mandarin L2 children were expected to 
have greater letter knowledge than Mandarin L1-English L2 children. Since knowledge of the 
letters of the alphabet is important in an alphabetic script such as English, letter knowledge is 
an important predictor for reading and spelling in native English-speaking children (Foy & 
Mann, 2006; Caravolas et al., 2001). It was also found to predict reading in English L2 
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children from diverse language backgrounds (Muter & Diethelm, 2001; Chiappe, Siegel & 
Gottardo, 2002). Just like native English-speaking children, Cantonese-speaking children 
learning English as a second language use letter knowledge in English word reading 
(McBride-Chang & Treiman, 2003) despite the differences between their L1 logographic 
script and the L2 alphabetic script.  Cantonese-English children‟s reading ability over time 
was also predicted by letter name knowledge (McBride-Chang & Ho, 2005). Thus, letter 
knowledge should contribute unique variance to the spelling development of both English 
L1-Mandarin L2 and Mandarin L1-English L2 groups.  
Summary of Research Objectives 
In this study, a comparison of English and Mandarin phonological processing skills 
and letter knowledge in two groups of bilingual kindergarten children and their contributions 
to early spelling sophistication over a 6 month period was conducted. At Time 1, the children 
were assessed in parallel English and Mandarin versions of phonological awareness using 
syllable deletion and phoneme awareness tasks, phonological recoding in lexical access using 
rapid automated naming (RAN), verbal memory using digit span (verbal short term memory) 
and backward digit span (verbal working memory), and letter knowledge. These measures 
were compared between groups and used as longitudinal predictors of children‟s spelling 
sophistication at Time 2, 6 months later.  
The first objective was to compare the performance of English L1-Mandarin L2 with 
Mandarin L1-English L2 children on the phonological processing tasks in both English and 
Mandarin, and in letter knowledge. Performance on these tasks was expected to differ as a 
function of language group (English L1-Mandrin L2 and Mandarin L1-English L2) and 
language of task administered (English and Mandarin). The second objective was to explore 
the contributions of English and Mandarin predictors to overall spelling sophistication and to 
the growth of spelling skills over the 6 month period separately for the two groups of 
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bilingual children. Given that the children had L1s of different phonological and orthographic 
features, different predictors were expected to contribute to spelling sophistication for the two 
groups. The final objective was to compare how effectively L1 and L2 phonological 
processing skills predict spelling sophistication in these children. From the research to date, it 
is unclear whether L2 processing abilities predict spelling sophistication in L1 given that 
some skills may be language-specific. These research questions may not be as important for 
bilingual children of two similar alphabetic languages.    
Method 
Participants 
The participants in this study were recruited from five government kindergartens 
around Singapore. In Singapore, children usually attend two years of kindergarten starting 
from the age of five before entry to primary schools. Instruction in government kindergartens 
follows the same syllabus and children attend four hours of school everyday consisting of 
three hours of English instruction and one hour of Mandarin instruction. Hanyu Pinyin, a 
phonetic coding system for Mandarin characters, is not taught as part of the kindergarten 
syllabus. Parental consent was sought before children were included in the study and only 
those who were documented to be free of any vision, speech, language, motor or behavioural 
problems were retained for the study.  
Initially, 123 children, who were in their first year of kindergarten at Time 1, 
participated in the study; but only 115 children remained in the sample six months later at 
Time 2. The main reason for this attrition was because the families had moved away from the 
area. The remaining children were classified into language groups based on information 
obtained from parents using a Language Background Questionnaire-Kindergarteners (LBQ-K; 
see Appendix 1). Based on the LBQ-K, 15 children were not classified because either their 
first language was neither English nor Mandarin (e.g., Tagalog, Bahasa Indonesian etc.), or 
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their first language could not be reliably identified. The final sample of 100 children for this 
study comprised of 50 children (17 girls, 33 boys) classified as English L1-Mandarin L2 
(Age in months, M = 63.1; SD = 3.27); and 50 children (27 girls, 23 boys) classified as 
Mandarin L1-English L2 (M = 62.3; SD = 3.35). The mean age of the final sample at Time 1 
was 62.7 months (SD = 3.31). An independent t-test confirmed that there was no age 
difference between the two groups [t(98) = 1.11, p = .271]. 
Tasks 
Language Background Questionnaire-Kindergarteners (LBQ-K) 
For kindergarten children, the home language is the main language that the child has 
been exposed to and is considered their first language (L1). The Language Background 
Questionnaire-Kindergarteners (LBQ-K; see Appendix 1) was sent to all parents to facilitate 
reliable separation of the children into two groups: English L1-Mandarin L2 and Mandarin 
L1-English L2. The questionnaire asked parents to provide information about the languages 
they used with their child, the amount of time (%) spent using those particular languages, age 
of first exposure to the languages, and main caregiver‟s language with the child was also 
considered if the parents were not looking after the child most of the time. Finally, parents 
were asked to rank the languages the child speaks and give ratings on how well the child 
understood and spoke the languages.   
Based on Li, Sepanski and Zhao‟s (2006) survey of published language background 
questionnaires, the most frequent questions asked by researchers were participant‟s 
proficiency in each language, age of acquisition and length of learning the languages. These 
questions are related to important theoretical constructs in second language or bilingualism 
research such as second language proficiency. For this reason, children were allocated to the 
groups based on three factors: (1) L1 was the language spoken most of the time by parents 
and/or caregiver; (2) the proficiency (understanding and speaking) of the child‟s L1 was 
1 For example, Child A‟s mother is the main caregiver and converses to him in English 80% of the 
time. Child A was given a rating of 7 for understanding English and 6 for speaking English but a 5 
for understanding and speaking Mandarin. Child A was exposed to English since age 0 but 
Mandarin only at age 3. Hence, Child A would be classified as English L1-Mandarin L2. 
 
2
 Though the internal reliability obtained was low, McBride et al. (2008) also found low reliability ( α 
= .51) on the Ravens with Hong Kong bilingual Chinese children aged 4.5 years.  22 
 





 The book form of the Raven‟s Coloured Progressive Matrices (Raven, Court & Raven, 
1995) was administered at Time 1 as an index of nonverbal IQ. Though the primary aim of 
the study was to examine spelling development, nonverbal IQ was used to ensure that the two 
bilingual groups did not differ in general ability. Thirty-six questions were presented. Each 
question consisted of a big picture, mostly colourful, with one piece of the patterned picture 
missing. The child had to choose the correct patterned piece (1 out of 6) that completed the 
big picture. Internal reliability of this task, using Cronbach‟s alpha, was .49. 2    
English and Mandarin Receptive Vocabulary 
 Computerised auditory-picture matching tasks, from the Bilingual Language 
Assessment Battery (BLAB, Rickard Liow & colleagues, in preparation), were used as a 
measure of children‟s vocabulary at Time 1. English and Mandarin versions of the task were 
created with target words and picture items that are culturally appropriate. Each task 
consisted of 100 words arranged in order of difficulty. Two bilingual female Singaporeans 
with English L1 and Mandarin L1 were used as speakers in the recording of words for the 
English and Mandarin versions respectively. Children were shown four pictures on the 
computer screen and heard a word over headphones simultaneously. They responded by 
pressing numbered keys, with the assistance of the experimenter, that best matched the word 
that they heard. Five practice trials were given to familiarise children with the task before 
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commencing the actual task. For English, the internal reliability using Cronbach‟s alpha 
was .77, and for Mandarin, the internal reliability obtained was .75. 
Word Spelling 
 The spelling subtest of the Wide Range Achievement Test 4 (WRAT 4, Wilkinson & 
Robertson, 2006) was administered at Time 1 as a baseline measure of children‟s prior single 
word spelling abilities. It was administered again at Time 2 to ascertain groups‟ performance 
6 months later. Both the Blue and Green forms of the subtest were used and scores on each 
form were combined to increase reliability on this task. A bilingual female Singaporean with 
English as first language was used as a speaker in the recording of words for this task to 
standardise presentation. Children were encouraged to write as many words as possible but 
test administration was discontinued when 10 consecutive words were spelt incorrectly, in 
keeping with WRAT 4 guidelines. Internal reliability of this task, using Cronbach‟s alpha, 
was .81 at Time 1 and .88 at Time 2.  
Phonological Awareness 
Syllable awareness. Syllable deletion tasks, in both English and Mandarin, were used 
to measure syllable awareness at Time 1. Mandarin is morpho-syllabic so to match stimuli 
across the two languages, only multi-morphemic words were chosen for the English version 
(see Appendix 2). Items were also matched for frequency (English: based on Kucera & 
Francis, 1967; Mandarin: based on Loo, 1989). Both versions of this task had 25 items; 10 2-
syllable compound words and 15 3-syllable words or phrases.  
For the 2-syllable words, children had to delete either the first syllable or last syllable 
(5 items each) and say what was left (e.g., in English, say teaspoon without saying tea; in 
Mandarin say菜刀 cai4 dao1 without saying 刀 dao1). For the 3-syllable words, children 
had to delete either the first, middle or last syllables (5 items each) and say what was left (e.g., 
in English, say clean bedroom without saying clean; in Mandarin, say玩游戏 wan2 you2 xi4 
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without saying 戏 xi4). Two practice trials were given before the start of each set of 5 items. 
The internal reliability using Cronbach‟s alpha of the English syllable task was .81 and for 
the Mandarin syllable task, Cronbach‟s alpha was .76.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             
Phoneme awareness. Two types of phoneme awareness tasks, phoneme isolation and 
phoneme deletion, differing in task complexity, were used. As previous studies reported that 
Chinese children with L1 logographic script and no previous exposure to Pinyin have 
difficulties with phoneme awareness tasks (Bialystok et al., 2005; McBride-Chang et al., 
2008), these two tasks were chosen to ensure a valid assessment of phonological awareness 
ability that matched children‟s level of phonological development. Phoneme deletion is 
considered a more complex task as it requires an extra operation (i.e., holding remaining 
sounds in memory while blending after deletion) compared to phoneme isolation (Yopp, 
1998). For this reason, children usually are able to detect phonemes before being able to 
manipulate them (Anthony & Francis, 2005; Yeong & Rickard Liow, 2008). Thus, phoneme 
isolation was expected to be an easier phoneme awareness task than phoneme deletion. Both 
the phoneme isolation task and phoneme deletion task were assessed in both English and 
Mandarin at Time 1. The same 10 items were used for phoneme deletion and phoneme 
isolation. Each item was scored once for phoneme deletion and again for phoneme isolation, 
giving a maximum score of 20 for 10 items. Although phoneme awareness tasks have 
different task complexities (Yopp, 1988), the different measures were still found to measure 
the same phonological awareness construct (Anthony & Lonigan, 2004), so scores on 
phoneme isolation and phoneme deletion were totalled to give a combined phoneme 
awareness score. Stimuli in tasks were all single syllabic words with a CVC structure and 
were controlled for word frequency. As English L2 children may have weak phonological 
representations of novel phonemes that are not present in their L1 (Wang & Geva, 2003b), 
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the initial phoneme of stimuli were all common phonemes found in both English and 
Mandarin consonantal phonology.  
For each item, children were first asked to identify the first sound in the word (e.g., 
phoneme isolation: English, what is the first sound in tall?; Mandarin, what is the first sound 
in 汤 tang1?). Next, they were asked to say what was left after removing the first sound of the 
presented word (e.g., phoneme deletion: English, say neat without the /n/ sound; Mandarin, 
say民 min2 without the /m/ sound). There were four practice trials to allow children to 
familiarize themselves. Internal reliability of the phoneme isolation task using Cronbach‟s 
alpha was .96 for the English version and .95 for the Mandarin version. For phoneme deletion, 
Cronbach‟s alpha of .95 and .94 were obtained for the English and Mandarin versions 
respectively. 
Rapid Automatic Naming (RAN) 
RAN digit naming tasks in Mandarin and English were administered at Time 1. The 
36 targets were four single syllable digits (2, 5, 4 and 3), randomly arranged in four rows of 
nine digits. Children had to complete two forms with different arrangement of digits in each 
language.  For each form, the time taken to complete the naming of all 36 items and the 
number of errors were noted. Performance was converted to number of correct items named 
per second and then averaged for the two forms to minimise random errors and increase 
reliability.  
Children were first asked to name the four digits on a separate practice sheet. When 
they were unsure of any digits, they were to practice before moving on to the actual task. If 
children could not name the digits even after the practice, they did not move on to the actual 
task. On the actual task, children were told to name the digits as fast as they could from left to 
right, beginning from the top row and moving on until the last row. Test-retest reliability 
of .90 was obtained for both English and Mandarin RAN.    
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Verbal Short Term Memory (VSTM) 
The digit recall task from the Working Memory Test Battery for Children (WMTB-C; 
Pickering & Gathercole, 2001) was used as a measure of verbal short term memory at Time 1. 
A Mandarin version was adapted based on the English version on the WMTB-C. There were 
54 items in each task, with nine sets of six trials each. Number strings increased through each 
set, from one digit number strings in the first set (e.g., 2) to nine digit number strings in the 
ninth set (e.g., 2 5 8 1 4 6 9 3 8). Test stimuli in English and Mandarin were tape-recorded by 
two female bilingual Singaporeans with English L1 and Mandarin L1 respectively, at a rate 
of one digit per second, and were presented to children on headphones.  
Three practice trials, consisting of a one digit number string, a two digit number string 
and a three digit number string, were given before starting on the test trials. During the test 
trials, children were to immediately repeat the digits in the exact order that they heard them 
after each trial. A child was allowed to move on to the next set of a longer length if they had 
four trials correct within a set. However, testing was discontinued when a child got three 
trials incorrect within a set. Total score on this task was the total number of correctly recalled 
trials plus the number of trials that were moved on (assumed to be correctly recalled).  
Verbal Working Memory (VWM) 
The backward digit recall task from the Working Memory Test Battery for Children 
(WMTB-C; Pickering & Gathercole, 2001) was used as a measure of verbal working memory 
at Time 1. A Mandarin version was adapted based on the English version on the WMTB-C. 
In addition to holding a number string in memory, children also had to manipulate the 
number string so they could recite it in backward order. This task had 36 items, with six sets 
of six trials each. There were increasing number of digits in trials of each set, from a two digit 
number string in the first set (e.g., 2 5) to a seven digit number string in the sixth set (e.g., 5 2 
1 6 4 8 3). As this task was administered in both English and Mandarin, test stimuli were 
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again recorded with two female bilingual Singaporean speakers who had English L1 and 
Mandarin L1 respectively, at a rate of one digit per second. Stimuli were presented to 
children on headphones.  
To help children understand how to do the backward digit recall task, two practice 
trials were given with number placards and arrows. Another four practice trials were then 
given without the placards before commencing on the actual trials. During the test trials, 
children had to recite the digits that they heard in a backwards order immediately after each 
trial. Children were allowed to move on to the next set after four correct trials within a set 
and testing was stopped after three incorrect trials in a set. The manner of scoring for this task 
is similar to the digit recall task.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
Letter Knowledge 
Letter knowledge was the only non-phonological processing predictor assessed at 
Time 1. Letter knowledge includes both letter-name knowledge and letter-sound knowledge. 
The seven letter-names and seven letter-sounds used in this task were all consonants (b, p, d, t, 
f, v and m) and were minimal pairs that differed only in voicing (e.g., /b/ and /p/) except for 
the letter <m>. These letters were chosen because voiced consonants are considered novel in 
Mandarin (Wang & Geva, 2003b). Due to the small number of items tested and because letter 
knowledge is often seen as a unitary construct, letter-name and letter-sound scores were 
combined to give an overall letter knowledge score. 
Testing of letter names and letter sounds were done in two separate sessions. Test 
items were read out by a trained experimenter. For letter names, children were asked to write 
down the letter that they heard and for letter sounds, they were told to write down the letter 
that makes that sound. Though this method of testing letter knowledge appears 
unconventional, it matches what children do in spelling, which is to convert from sound-to-
print. Internal reliability of the letter knowledge task, using Cronbach‟s alpha, was .82.  
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Experimental Spelling Task in English 
Design. A spelling test containing 52 monosyllabic words (see Appendix 3) was 
administered to children at Time 2. The words ranged from high frequency words (e.g., cat) 
to low frequency words (e.g., bulb) and were chosen to sample a range of phonemes. There 
were 35 words with CVC syllabic structure, 1 CCV word, 10 CCVC words and 6 CVCC 
words. To limit fatigue, the list of words was divided into two sets, and words were randomly 
ordered in each set. A sentence was prepared using each word and a female bilingual 
Singaporean with English L1 recorded the words and sentences. Each trial began with the 
trial number, followed by the target word, and then a sentence using the target word before 
the target word was presented again. During testing, children were encouraged to write any 
letter that they thought might be associated with the word and to guess if they were unsure of 
the spelling. 
Scoring. As the main interest in this study was to understand spelling development in 
young bilingual children through their levels of spelling sophistication, a scoring system was 
adapted from Treiman and Bourassa (2000) that allowed for discrimination in the type of 
spelling responses given by children at that age. Treiman and Bourassa (2000) extended on 
Tangel and Blachman‟s (1992) work by allowing for better discrimination at the lower end of 
the scoring system and varied maximum points given to a word according to its phonological 
and orthographic complexity. Since young children were tested in this study and a range of 
words that varied in complexity was used, Treiman and Bourassa‟s (2000) scoring system 
was adopted to measure the sophistication of children‟s spellings. 
The composite scoring system (Treiman & Bourassa, 2000) was designed to capture 
both phonological and orthographic features of children‟s spellings; hence children would 
obtain higher scores if their spelling attempts contained more features. For example, for the 
word lap, a score of 0 was given for attempts that did not include any letters, 2 for a random 
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string of letters (e.g., <ykzrge>), 4 for being able to represent the initial letter conventionally 
(e.g., <lk>) and full marks for producing the conventional spelling (e.g., <lap>). Tables 1 and 
2 provide sample spellings of lap and train respectively and the maximum number of points 
given for each word is shown in Appendix 3. As words containing consonant clusters (e.g., 
train) are more complex compared to CVC words, these words were allotted higher points. 
Therefore, the maximum number of points if children represent all words conventionally is 
448. 
Table 1. Sample spellings of lap and number of points given to each on spelling 
sophistication scoring system 
 
Spelling Description Points 
“5” Does not include any letters 0 
“2oway” Includes some letters that are not related to the sounds in the 
word and some other symbols. 
 
1 
“ihir”, “hakeess” Includes only letters that are not related to sounds in the word. 2 
“purgs”, “ratagtyc” Begins with letter that is related in sound to initial phoneme or 




“l”, “llnyu” Begins with conventional initial letter 4 
“laney”, “lp” Two of three phonemes represented with conventional letters, 
letters related in sound or highly visually confusable with 
conventional letters. Intrusions allowed. 
 
5 
“letp”, “labr” All three phonemes represented with conventional letters, 
letters related in sound or highly visually confusable with 
conventional letters. Intrusions allowed. 
 
6 
“lep”, “laip” All three phonemes represented and consonants represented 
conventionally. No intrusions. 
 
7 






Table 2. Sample spellings of train and number of points given to each on spelling 
sophistication scoring system 
 
Spelling Description Points 
“8” Does not include any letters 0 
“K2B” Includes some letters that are not related to the sounds in the 
word and some other symbols. 
 
1 
“vhreao”, “pl” Includes only letters that are not related to sounds in the word. 2 
“risv”, “nesenn” Begins with letter that is related in sound to initial phoneme or 




“t”, “tcso” Begins with conventional initial letter 4 
“tad”, “tissn” Two of four phonemes represented with conventional letters, 
letters related in sound or highly visually confusable with 
conventional letters. Intrusions allowed. 
 
5 
“tadre”, “triap” Three of four phonemes represented with conventional letters, 
letters related in sound or highly visually confusable with 
conventional letters. Intrusions allowed. 
 
6 
“tain”, “taen” Three of four phonemes represented with initial and final 
consonant represented conventionally. Intrusions allowed. 
 
7 
“tarin”, “triatn” All four phonemes represented with initial and final consonant 
represented conventionally. Intrusions allowed. 
 
8 
“tran”, “tren” All four phonemes represented with all consonants 
represented conventionally. No intrusions allowed. 
 
9 
“train” Conventional spelling produced. 10 
 
To assess reliability of this scoring system, a second rater was trained to use the 
scoring system on 2% of the spelling responses and inter-rater reliability was calculated in 
two ways (Treiman & Bourassa, 2000; Tangel & Blachman, 1992). First, the percentage of 
agreement between the two raters for the remaining 98% responses was calculated to be 
93.5%. Second, the Pearson correlation between the total scores given to each child by both 
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raters was r = .999. Responses which had scores that differed were discussed and reviewed to 
reach a consensus between the raters. These scores were used in the analysis later.         
Procedure 
Measures at Time 1 were administered in October-November (Kindergarten Year 1) and 
Time 2 measures took place six months later in April-May (Kindergarten Year 2). At Time 1, 
all children were tested individually in sessions of 20 -30minutes each in relatively quiet 
rooms at the children‟s schools. Children were tested in nonverbal IQ, English receptive 
vocabulary and word spelling (WRAT 4) before the phonological processing and letter 
knowledge measures. As the phonological processing measures were tested in both English 
and Mandarin, the English version of each task was tested first and the Mandarin version was 
tested 2-3 days later. The language used for instruction during the tasks would be the same as 
the language version of task. At Time 2, children were assessed individually for the word 
spelling task (WRAT 4) and in groups of six for the experimental spelling task. Time 2 
testing took place over three sessions (1 session for WRAT 4 and 2 sessions for experimental 
spelling) of about 30-40 minutes.  
Results and Discussion 
The main research objectives were (1) to compare English L1-Mandarin L2 and 
Mandarin L1-English L2 children on phonological processing skills and letter knowledge; (2) 
to determine the skills that contribute overall spelling sophistication and growth of early 
spelling skills over 6 months in these two bilingual groups; and (3) compare L1 and L2 
phonological processing skills as predictors in these children. Before analyses were 
conducted in relation to the above objectives, the two language groups were compared on the 
non-phonological processing abilities that were measured at Time 1:  nonverbal IQ, receptive 
vocabulary and WRAT 4 word spelling. Performances on these tasks are indicative of the 
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prior abilities that children had acquired prior to Time 1. A summary of the descriptive 
statistics now follows.  
Descriptive Statistics 
The means and standard deviations for all the measures used in this study are shown 
in Table 3. Ninety-six children completed all the tasks. Three children were absent for the 
letter knowledge tasks and one child was absent for the Mandarin RAN task. Group means 
were used in place of the missing data. Raw scores were used in all analyses.  
Judging from children‟s Raven‟s CPM performance, the English L1-Mandarin L2 
children and Mandarin L1-English L2 children were not significantly different in nonverbal 
IQ at T1. Norms are not available for local bilingual children for this test, but the mean score 
obtained by for the total sample (M = 20.6, SD = 3.42) was above the 50
th
 percentile score 
reported for British 6 year olds. Scores on the English receptive vocabulary measure showed 
that the English L1-Mandarin L2 children had better oral language proficiency than the 
Mandarin L1-English L2 children [EL1-ML2: M = 56.5, SD = 7.97; ML1-El2: M = 48.1, SD 
= 6.89; F(1, 98) = 32.2, p<.001, η2 = .247]. Similarly for the Mandarin receptive vocabulary, 
Mandarin L1-English L2 children had better oral language proficiency than the English L1-
Mandarin L2 children [EL1-ML2: M = 42.3, SD = 8.77; ML1-EL2: M = 48.8, SD = 7.93; F(1, 
98) = 15.3, p<.001, η2 = .135]. These differences were expected given that the children would 
have been exposed more to their L1s at home. Despite the group difference in English 
vocabulary, the two groups of bilingual children were equivalent for word spelling ability, as 
gauged by formal testing (WRAT 4) at Time 1. Almost all the children in this study could be 
considered to be in the very early stages of spelling: 60% of the children could only spell one 
word or less on the WRAT 4 spelling task and another 30% could spell more than one but 
less than five words. The mean scores of children in this study (M = 2.1, SD = 3.10) was 
comparable to the means reported for children aged 5;3 to 5;5 in the US.             
  33 
 
Table 3. Mean scores (SDs) on all tasks as a function of language group 














Spelling Accuracy (WRAT 4 Blue and Green 
forms)  
T1 Word Spelling (84) 
















T1 BLAB English receptive vocabulary (100) 












T1 English Syllable Awareness (25) 
T1 Mandarin Syllable Awareness (25) 
T1 English Phoneme Awareness (20) 

















Phonological Recoding in Lexical Access 
T1 English RAN Digits  











Phonological Working Memory 
T1 English Verbal STM – Digit Recall (54) 
T1 Mandarin Verbal STM – Digit Recall (54) 
T1 English Verbal WM – Backward Digit (36) 

















T1 Letter knowledge  
 
12.4 (2.40) 10.5 (3.02) EL1>ML1 
Experimental Spelling Task  
T2 Accuracy: Number Correct (52) 











Note: N = 50 in each language group. All scores used are raw scores except RAN (items per 
second). T1 = Time 1; T2 = Time 2. 
 
Group Differences in Children’s Performance 
To answer the first research objective regarding group differences, separate 
multivariate analyses of variance (MANOVA) were conducted for English and Mandarin 
phonological processing tasks at Time 1 (see Table 3 for means and standard deviations). 
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Significant group differences were found on the English phonological processing tasks [F(5, 94) 
= 2.47, p = .038, η2Mult = 0.116] and Mandarin phonological processing tasks [F(5, 94) = 7.76, 
p<.001, η2Mult = 0.292]. Performance on the individual phonological processing tasks were 
compared between groups using univariate t-tests with alpha = .01 (.05/5 after Bonferroni 
correction). Separate one-way analyses of variance (ANOVA) were also conducted for letter 
knowledge at Time 1 and spelling tasks (WRAT 4 and experimental tests) at Time 2. Results 
on each task are described in turn below.  
Phonological Awareness 
 The English L1-Mandarin L2 children were significantly better at the English 
phoneme awareness task [EL1-ML2: M = .359, SD = .295; ML1-EL2: M = .207, SD = .260; 
F(1, 98) = 7.46, p = .007, η2 = 0.071] and Mandarin phoneme awareness task [EL1-ML2: 
= .430, SD = .296; ML1-EL2: M = .213, SD = .250; F(1, 98) = 15.7, p<.001, η2 = 0.138] 
compared to the Mandarin L1-English L2 group. No significant group difference was found 
for both English and Mandarin syllable awareness.  
The difference in performance for different sized sublexical units (syllable vs, 
phonemes) but not language of task (English vs. Mandarin) is consistent with previous 
research (McBride-Chang, Bialystok, Chong & Li, 2004). The development of phonological 
awareness proceeds from larger phonological units to smaller units (Treiman & Zukowski, 
1991; Stanovich, 1992; Anthony & Francis, 2005). Since the syllable unit is early acquired, 
and given also that the syllable is important in English, which has an irregular orthography 
(Ziegler & Goswami, 2005), and in Mandarin, which is a morphosyllabic, these two reasons 
account for the lack of differences between the groups on the syllable awareness task in both 
languages.  However, as Hanyu Pinyin is not taught, phonemes are more salient in English 
than in Mandarin. Hence English L1-Mandarin L2 children have better phoneme awareness 
than Mandarin L1-English L2 children, which suggests an influence from the children‟s L1. 
  35 
 
Relatively poor English phoneme awareness in Cantonese L1-English L2 children, who were 
not exposed to Pinyin, was also found by Bialystok et al. (2005) and McBride-Chang et al. 
(2008), so the interesting result from this study is that English L1-Mandarin L2 children 
perform significantly better than the Mandarin L1-English L2 children on phoneme 
awareness even when the task is in Mandarin. It seems that the English L1-Mandarin L2 
children were able to make use of the phoneme awareness ability they had developed from an 
alphabetic first language to process a nonalphabetic second language. This finding is further 
evidence in support of the idea that phonological awareness is a language-general skill that 
can be utilized across languages (Cisero & Royer, 1995; Durgunoglu et al., 1993; Comeau, et 
al., 1999; Gottardo, et al., 2001). 
Rapid Automatic Naming (Digits) 
 There was no significant group difference for the English RAN task but the Mandarin 
L1-English L2 children performed significantly better at Mandarin RAN [EL1-ML2: M 
= .647, SD = .297; ML1-EL2: M = .958, SD = .357; F(1, 98) = 22.5, p<.001, η2 = 0.187] than 
the English L1-Mandarin L2 children. Since rapid access and retrieval of numbers from the 
lexicon requires automaticity, the RAN task is related to language exposure and proficiency 
in the language (see Compton, 2003). Mandarin L1-English L2 children performed 
significantly better than the English L1-Mandarin L2 children on the Mandarin RAN task 
because the  English L1-Mandarin L2 children is less automatic in number retrieval in their 
second language. Interestingly, the opposite effect was not found for English RAN; the 
groups‟ performance was comparable on this task. Other studies have also shown English L2 
learners to be equal or even better at English RAN than native English-speaking children (for 
e.g., Chiappe, Siegel & Wade-Woolley, 2002; Jorgejan et al, 2007). Chiappe, Siegel and 
Gottardo (2002) found that although there were differences in RAN performance between 
native English children and English L2 children (aged 5;4 years) initially, English L2 
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children could do as well as native English speakers six months later. In Singapore, this 
closing of performance gap for English RAN but not Mandarin could be due to the length of 
time the Mandarin L1-English L2 children have spent attending an English-medium 
kindergarten (nine months at Time 1) and/or using the English number system. By contrast, 
English L1-Mandarin L2 children are not exposed to much Mandarin at home and only attend 
an hour of Mandarin instruction at school.  
Verbal STM (Digit Recall) and WM (Backward Digit Recall) 
 For English verbal STM, no significant difference was obtained between the groups, 
but for Mandarin verbal STM, the Mandarin L1-English L2 children performed significantly 
better [EL1-ML2: M = 20.5, SD = 5.24; ML1-EL2: M = 24.6, SD = 6.16; F(1, 98) = 12.7, 
p=.001, η2 = 0.115] than the English L1-Mandarin L2 children. No significant group 
difference was found for either the English or the Mandarin verbal WM task.  
To summarise, both groups performed better at verbal STM in their respective L1s, 
but the only significant group difference was for Mandarin verbal STM. Thorn and 
Gathercole (1999) suggested that verbal STM is language-specific because it is influenced by 
phonological representations stored in long term memory. Performance on verbal STM task 
is dependent on proficiency in the language of task, and hence both groups‟ verbal STM 
performance is better in their L1.  However, the lack of significant group difference in 
English STM suggests that Mandarin L1-English L2 children are relatively proficient in 
English digits due to their high frequency and daily usage. This is unlike Mandarin digits, 
which are not used as often. If verbal WM is also mediated by the phonological system, better 
performance should be obtained on the WM task in the child‟s first language. The direction 
of results obtained on the verbal WM task was similar to the verbal STM task, but the 
differences between groups were not significant because of the low scores and variability at 
this age on WM tasks (Gathercole, 1999). The comparable performance of the two groups‟ 
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performance in verbal WM could reflect an executive system independent of phonological 
skills (Swanson, Saez, Gerber & Leafstedt, 2004). Here, the executive system is conceived as 
a general-resource system that interacts with other cognitive processes, thus it need not be 
language-specific. This question however could not be answered in this study as only the 
verbal WM task was administered and verbal WM may involve both the access to language-
specific information from long term memory and coordinating the distribution of resources 
(Baddeley & Logie, 1999).  
Letter Knowledge 
 English L1-Mandarin L2children showed significantly better letter knowledge [EL1-
ML2: M = 12.4, SD = 2.40; ML1-EL2: M = 10.5, SD = 3.02; F(1, 98) = 12.3, p=.001, η2 = 
0.112] than their Mandarin L1-English L2 peers. All the children in this study were still in 
early stages of reading (about 70% in each group only read five words or less on the WRAT 4 
reading subtest), but the English L1-Mandarin L2 children had been exposed to more spoken 
English and written English than their Mandarin L1-English L2 peers. This exposure 
provides English L1-Mandarin L2 children more opportunities to understand the relationships 
between print and sound (McBride-Chang & Treiman, 2003) and it explains the group 
difference on the letter knowledge task. 
Time 2 Spelling Tasks 
 There were no significant differences between the groups on WRAT 4 word spelling 
at Time 2 and in accuracy (number correct) on the experimental spelling task (see Table 3). 
However, when spelling sophistication scores were compared between groups, the English 
L1-Mandarin L2 children obtained significantly better scores [EL1-ML2: M = 268, SD = 65.1; 
ML1-EL2: M = 223, SD = 66.1; F(1, 98) = 11.9, p=.001, η2 = 0.109] than the Mandarin L1-
English L2 children. The use of a spelling sophistication scoring system may especially be 
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useful for young children who are not yet able to spell conventionally as it provides more 
information than conventional accuracy scores (number correct).  
Relationship Between Predictors and Spelling Sophistication 
Partial correlations (controlling for age and nonverbal IQ) were carried out to 
determine the relationships among variables (see Table 4 & 5). Next, to clarify the extent to 
which children‟s spelling sophistication at Time 2 can be predicted by English or Mandarin 
phonological awareness, RAN, verbal memory and letter knowledge, a series of separate 
regression analyses using performance on English and Mandarin tasks were conducted for 
each language group. To predict overall spelling sophistication in general, only control 
variables such as age, nonverbal IQ and vocabulary were added in the first step without word 
spelling at Time 1. Simple regression analyses were carried out with individual predictors 
before a hierarchical regression was conducted with all predictors. Second, to predict growth 
in spelling skills since Time 1, word spelling ability (WRAT 4) at Time 1 was entered with 
the other control variables. Simple regression analyses with individual predictors were again 
conducted before the hierarchical regression analysis for both groups. 
Correlations Between Time 1 Predictors and Time 2 Spelling Sophistication 
 The associations between phonological processing tasks and letter knowledge at Time 
1 to spelling sophistication were examined using partial correlations, controlling for age and 
nonverbal IQ (English L1-Mandarin L2: Table 4; Mandarin L1-English L2: Table 5). For the 
English tasks, phonological awareness (syllable: r = .38, p = .008; phoneme: r = .71, p 
< .001), verbal memory (STM: r = .29, p = .044; WM: r = .32, p = .028) and letter knowledge 
(r = .44, p = .002) were significantly associated with spelling sophistication at Time 2 for the 
English L1-Mandarin L2 children; and for Mandarin L1-English L2 children, significant 
correlations were obtained for phonological awareness (syllable: r = .55, p < .001; phoneme: 
r = .77, p < .001), RAN (r = .36, p = .011) and letter knowledge (r = .70, p < .001).   
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Table 4. Correlations among Time 1 tasks and Time 2 spelling sophistication for English L1-Mandarin L2 children, controlling for age and 
nonverbal IQ. 
 
Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
1. Vocabulary (E) -               
2. Vocabulary (M) .10 -              
3. WRAT 4 Spelling  .27 .23 -             
4. Syllable Awareness (E)  .31
*
 .01 .23 -            




 .24 -           
6. RAN (E) .26 -.01 .24 .18 .25 -          
7. Verbal STM (E) .36
*




 -         




 .26 .12 -        
9. Letter Knowledge .34
*




 .24 .15 .15 -       
10. Syllable Awareness (M) .31
*








 .23 -      












 -     
12. RAN (M) -.07 .31
*




 -.02 .26 -.07 -    




 .22 -.10 .28 -.25 .46
***
 -   












 -  






















 p < .05; 
**
 p < .01; 
***
 p < .001. df = 46.
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Table 5. Correlations among Time 1 tasks and Time 2 spelling sophistication for Mandarin L1-English L2 children, controlling for age and 
nonverbal IQ. 
 
Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
1. Vocabulary (E) -               
2. Vocabulary (M) .05 -              
3. WRAT 4 Spelling  .30
*
 -.06 -             
4. Syllable Awareness (E)  .24 .21 .20 -            






 -           




 .24 -          
7. Verbal STM (E) .21 .17 .14 .42
**
 .18 .27 -         








 -        










 .21 .11 -       












 -      














 -     
12. RAN (M) -.27 .25 -.14 .16 -.19 .52
***
 .20 .10 .10 .22 -.15 -    
13. Verbal STM (M) -.04 .13 .01 .42
**
 -.01 .13 .32
*




 -   
















 -  




















 p < .05; 
**
 p < .01; 
***
 p < .001. df = 46.
  41 
 
For the Mandarin tasks, only the phonological awareness tasks at Time 1 were significantly 
correlated with spelling sophistication at Time 2 for both groups (syllable: EL1-ML2: r = .31, 
p = .030; ML1-EL2: r = .48, p < .001; phoneme: EL1-ML2: r = .71, p < .001; ML1-EL2: r 
= .77, p < .001). Prior English vocabulary (EL1-ML2: r = .32, p = .025; ML1-EL2: r = .46, p 
< .001), and word spelling (WRAT 4) at Time 1 (EL1-ML2: r = .58, p < .001; ML1-EL2: r 
= .54, p < .001) were also significantly correlated to spelling sophistication at Time 2 for both 
groups. 
This pattern of different correlations for different tasks and languages across groups 
suggest different variables predict spelling sophistication for the two groups.     
Predicting Overall Spelling Sophistication 
 To predict overall spelling sophistication, only control variables such as age, 
nonverbal IQ and vocabulary were added in the first step. In the second step, each predictor 
variable was entered individually to ascertain the unique contribution of each to spelling 
sophistication. Table 6 shows a summary of the unique contributor of each variable to overall 
spelling sophistication by language group. 
English syllable awareness predicted an additional 6.8 % and 19.4 % of the variance 
for the English L1-Mandarin L2 group [F(1, 45) = 4.74, p = .035] and Mandarin L1-English L2 
group [F(1, 45) = 16.1, p < .001] respectively, while English phoneme awareness predicted 
additional 31.3% and 35.8%  for English L1-Mandarin L2 [F(1, 45) = 35.5, p<.001] and 
Mandarin L1-English L2 groups [F(1, 45) = 42.8, p<.001]  respectively. However, Mandarin 
syllable awareness [F(1, 45) = 13.4, p = .001] predicted significant additional variance of 
16.8% only for the Mandarin L1-English L2 children; whereas Mandarin phoneme awareness 
accounted for significant variance in spelling sophistication for both groups of children 
(additional 31.9% for EL1-ML2 group, [F(1, 45) = 36.7, p < .001]; additional 35.9% for ML1-
EL2 group, [F(1, 45) = 43.2, p < .001]).  
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Table 6. Unique contribution of each variable predicting overall spelling sophistication as a 
function of language group.  
 
Variables English L1-Mandarin L2 Mandarin L1-English L2 
std.β t std.β t 
English 
     Syllable awareness 
     Phoneme awareness 
     RAN digits 
     Verbal WM 
     Verbal STM 































     Syllable awareness 
     Phoneme awareness 
     RAN digits 
     Verbal WM 


























Note: N = 50 in each language group. 
*
 p < .05; 
**
 p < .01; 
***
 p < .001.  
 
English phonological awareness, both syllable and phoneme, accounted for significant 
unique variance in spelling sophistication for both groups of children, after controlling for 
nonverbal IQ, age and language proficiency. Similar results were obtained for Mandarin 
phonological awareness, syllable awareness contributed significantly to spelling only for the 
Mandarin L1-English L2 children but phoneme awareness contributed significantly in both 
groups of children. For spelling, words have to be broken down into smaller subunits to allow 
mapping onto the constituent letters. Ziegler and Goswami (2005) noted that grapheme-
phoneme correspondences are inconsistent in English, so English learners have to utilize a 
variety of methods, both small-unit (phoneme) and large-unit (syllable) strategies, for English 
reading and spelling. These results provide further evidence for the use of such strategies as 
both syllable and phoneme awareness were found to be important in the process of spelling.  
It is interesting that both syllable and phoneme awareness contributed more additional 
variance to spelling for the Mandarin L1-English L2 children than the English L1-Mandarin 
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L2 children because it suggests the alphabetic principle is salient for English L2 learners, 
even when their L1 has very different phonological and orthographic characteristics. 
A unique predictor of spelling sophistication for Mandarin L1-English L2 children 
was the English RAN (digits) measure [additional 6.9%, F(1, 45) = 4.65, p = .036]. In 
Singapore, Hanyu Pinyin, the Romanized alphabetic orthography for Mandarin, is not 
introduced at kindergarten level. The Mandarin L1-English L2 children learn Mandarin by 
mapping logographic characters of the language to sound (Wang & Geva, 2003a; Rickard 
Liow, 1999). Rickard Liow (1999) has suggested this look-say method is sometimes applied 
to Mandarin L1 children‟s learning of a second language even if it is alphabetic. As a result 
of Mandarin L1-English L2 children‟s reliance on a look-say method, they are more likely to 
depend on lexical access for spelling. This was investigated by Wang and Geva (2003a) who 
asked Cantonese L1 children and native English-speaking children to spell real words (e.g., 
ship), pseudowords (e.g., shen), illegitimate letter strings (e.g., pcth) and legitimate letter 
strings (e.g., poth). Their results show that the group difference in performance for real words 
and pseudowords were significantly larger for Chinese L1 than the native English-speaking 
children as Chinese L1 children did not use phonological recoding to spell. However, the 
difference between illegitimate and legitimate letter strings was significantly smaller for 
Chinese L1 children as visual-orthographic processing was used to spell the letter strings. 
Wang and Geva (2003a) concluded that their Cantonese L1 children were lexical spellers and 
depended on lexical access for spelling. This might explain why RAN was a good predictor 
for Mandarin L1-English L2 children as it is sensitive to the child‟s ability to create arbitrary 
mappings between visual symbols and phonological labels (Manis et al., 1999) and is also a 
measure how quickly phonological labels are retrieved through lexical access (Jongejan et al., 
2007).  Creation of the mappings and retrieval of labels both require access to phonological 
representations (Snowling & Hulme, 1994), which may be the reason why English RAN was 
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found to be a significant predictor but not Mandarin RAN, because both phonological 
systems may not overlap completely.        
The lack of association between RAN and spelling sophistication for English L1-
Mandarin L2 children was surprising as children have been shown to use a range of methods 
in spelling, one of which is rapid automatic retrieval (Rittle-Johnson & Siegler, 1999). One 
possible reason why this was not found could be that children were only in the early stages of 
spelling development so if they had not established lexical representations, phonological 
recoding by sounding out would be more likely. The words chosen for the experimental 
spelling task were within a narrow range of frequency so from these results it is not possible 
to ascertain whether RAN would account for greater variance in spelling of  high frequency 
words (lexical retrieval more likely) than low frequency words (nonlexical recoding more 
likely). 
Verbal WM contributed a significant amount of variance to spelling sophistication in 
both groups of children but only when the task was conducted in the children‟s L1: English 
verbal WM was a significant predictor of spelling sophistication for the  English L1-
Mandarin L2 children (additional 6.1%, [F(1, 45) = 4.23, p = .046]); whereas Mandarin verbal 
WM was a significant predictor for Mandarin L1-English L2 children (additional 7.5%, [F(1, 
45) = 5.12, p = .029]). Spelling is a complex task in which executive control is likely to be 
important because children need to divide speech into smaller units and then map the 
individual units onto graphemes (Gathercole, Lamont & Alloway, 2006). Moreover, although 
verbal WM involves a language-general executive control system to coordinate resources, it 
also requires access to language-specific long term memory representations (Baddeley & 
Logie, 1999). Storage of stimuli would be more efficient in the child‟s L1, leaving more 
resources for processing. Thus performance on WM tasks in L1 would be a more reliable 
measure of the child‟s executive control.  
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Letter knowledge was also a significant predictor for both groups, accounting for an 
additional 10.7% of the variance in English L1-Mandarin L2 children [F(1, 45) = 7.98, p = .007] 
and 30.8% in Mandarin L1-English L2 children [F(1, 45) = 32.6, p < .001]. Both letter-name 
and letter-sound knowledge have been reported as predictors of both reading and spelling in 
native English children (Treiman & Cassar, 1994; Caravolas et al, 2001) as well as in English 
L2 children in Hong Kong (McBride-Chang & Ho, 2005; McBride-Chang & Treiman, 2003). 
Paradoxically, the marked differences between English and Mandarin may mean that 
Mandarin L1-English L2 children are more reliant on letter knowledge in their early spellings. 
Based on the above simple regression results, separate hierarchical regression 
analyses were conducted for English and Mandarin variables to determine which processing 
skill is most important for each of the two groups of bilingual children. Age, nonverbal IQ 
and English vocabulary were entered first, then verbal STM, verbal WM and RAN measures 
were added at Step 2, and finally syllable and phoneme awareness were entered together at 
Step 3. Results are summarised in Table 7.  
All English predictor variables explained a total of 59.3% and 74.3% of variance in 
spelling for English L1-Mandarin L2 and Mandarin L1-English L2 children respectively. The 
total amount of variance accounted for by Mandarin phonological processing tasks was 
55.3% for English L1-Mandarin L2 children and 60.4% for Mandarin L1-English L2 children. 
For both groups of children, verbal STM, verbal WM and RAN were not significant at Step 2 
in either language. However, English phonological awareness measures predicted an 
additional 28.9% and 38.0% of the variance in predicting spelling sophistication beyond the 
other phonological processing tasks for both the English L1-Mandarin L2 group [F(2, 41) = 
17.5, p < .001] and the Mandarin L1-English L2 group [F(2, 41) = 27.5,  p < .001] respectively. 
Similarly, Mandarin syllable and phoneme awareness tasks entered at Step 3 accounted for 
significant additional variance in predicting spelling sophistication for both groups of 
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children (additional 26.8% for EL1-ML2 children, [F(2, 41) = 14.7, p < .001[; additional 32.7% 
for ML1-EL2 children, [F(2, 41) = 20.2, p < .001[). When letter knowledge at Time 1 was 
entered after controlling for age, nonverbal IQ, English vocabulary and English phonological 
processing skills, it accounted for an additional 7.3% significant variance for Mandarin L1-
English L2 children [F(1, 40) = 13.9, p = .001] but was not significant for English L1-Mandarin 
L2 children. With all English variables in the equation, the Beta weights for English phoneme 
awareness (EL1-ML2: p < .001; ML1-EL2: p < .001) were significant for both groups of 
children; whereas English syllable awareness (p = .026) and letter knowledge (p = .001) were 
also significant for Mandarin L1-English L2 children (see Table 7). As for all Mandarin 
variables, only the Beta weights for phoneme awareness were significant for both groups 
(EL1-ML2: p < .001; ML1-EL2: p < .001).   
To summarise, the results of these regression analyses show that different skills are 
important for overall spelling sophistication in different types of bilingual children. For the 
English L1-Mandarin L2 children, the important skills were phonological awareness (syllable 
and phoneme), English verbal WM and letter knowledge, whereas for Mandarin L1-English 
L2 children, the important skills were phonological awareness (syllable and phoneme), 
English RAN, letter knowledge and Mandarin verbal WM. The fact that the contribution of 
different skills to spelling sophistication depends on the children‟s L1 suggests that 
phonological and orthographic characteristics of the L1 influence processing during 
acquisition of L2 literacy. However, an important predictor, phoneme awareness, was 
common for both groups. Phoneme awareness contributed additional unique variance to 
spelling sophistication beyond the other phonological processing skills and a strong predictor 
in children‟s spelling sophistication abilities. This is consistent with the vast literature on 
monolingual children (see Rayner et al., 2001) and attests to the importance of the alphabetic 
principle even for English L2 learners whose L1 is logographic. 
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Table 7. Hierarchical regression predicting spelling sophistication at Time 2 from Time 1 
variables except WRAT 4 word spelling as a function of language group 
 
 English Language Tasks 
Step Variables 
English L1-Mandarin L2   Mandarin L1-English L2  












































































4 Letter knowledge .09 .77 .60 .01  .36 3.73** .74 .07** 
 Mandarin Language Tasks 
Step Variables 
English L1-Mandarin L2  Mandarin L1-English L2 












































































Note: N = 50 in each language group. 
*
 p < .05; 
**
 p < .01; 
***
 p < .001.  
a
 Similar results obtained when  Mandarin vocabulary is entered in Step 1.    
 
Nevertheless, syllable awareness and letter knowledge were also important for Mandarin L1-
English L2 children. Letter knowledge was even more important than phoneme awareness for 
Mandarin L1-English L2 children, suggesting the use letter knowledge as a compensatory 
skill over phoneme awareness. 
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Predicting Growth in Spelling Skills 
 To predict growth in spelling skills, the autoregressive effect of prior spelling ability 
at Time 1 was controlled. This time, word spelling ability scores from the WRAT 4 were 
entered in Step 1 with the other control variables (nonverbal IQ, English vocabulary and age). 
Again in Step 2, each predictor variable was entered individually to ascertain its unique 
contribution to the growth in spelling skills over the six month period between Time 1 and 
Time 2. Table 8 shows a summary of the unique contribution of each variable to growth of 
spelling skills by language group. 
As expected, the inclusion of the autoregressor reduced the additional variance 
accounted for by the predictors. However, this does not mean the predictors are not important 
for spelling development but it changes the question from predicting spelling sophistication at 
Time 2 to one of predicting growth in spelling skills between Time 1 and Time 2 (see Parrila 
et al., 2004). Two conditions were proposed by de Jong and van der Leij (2002) that would 
allow for growth to be observed after accounting for prior ability. First, individual differences 
in spelling ability should not be completely stable over time so that any unexpected growth 
can still be explained. In this study, spelling sophistication at Time 2 and WRAT 4 word 
spelling ability at Time 1 were moderately correlated (r = .5) for both groups, leaving little 
variability for other predictors. Second, the phonological abilities should be more strongly 
associated with spelling ability at Time 2 than Time 1 so that the unexpected growth in 
spelling skills could be attributed to phonological abilities. For example, Table 4 shows that 
phoneme awareness was more strongly correlated with spelling sophistication at Time 2 (r 
= .7) than to WRAT 4 word spelling (r = .6). In Parrila et al.‟s (2004) terms, this is a 
“strengthening of relationship” between the predictor (phoneme awareness) and spelling 
ability. 
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Table 8. Unique contribution of each variable predicting growth in spelling skills as a 
function of language group.  
 
Variables English L1-Mandarin L2 Mandarin L1-English L2 
std.β t std.β t 
English 
     Syllable awareness 
     Phoneme awareness 
     RAN digits 
     Verbal WM 
     Verbal STM 































     Syllable awareness 
     Phoneme awareness 
     RAN digits 
     Verbal WM 


























Note: N = 50 in each language group. 
*
 p < .05; 
**
 p < .01; 
***
 p < .001.  
 
Relatively few variables were found to have this “strengthening of relationship” with 
spelling sophistication from Time 1 to Time 2. Phoneme awareness remained important and 
contributed unique variance to spelling sophistication: English phoneme awareness explained 
an additional 13.0% for the English L1-Mandarin L2 children [F(1, 44) = 15.2, p < .001] and 
21.4% for the Mandarin L1-English L2 children [F(1, 44) = 26.9, p < .001], whereas English 
syllable awareness added 14.9% unique variance only for the Mandarin L1-English L2 group 
[F(1, 44) = 15.8, p < .001]. Similarly, Mandarin phoneme awareness accounted for significant 
unique variance of 14.1% of spelling sophistication for the English L1-Mandarin L2 children 
[F(1, 45) = 17.0, p < .001] and an additional 24.7% in Mandarin L1-English L2 children [F(1, 44) 
= 34.1, p < .001], whereas Mandarin syllable awareness contributed 12.5% to spelling 
sophistication only for the Mandarin L1-English L2 children [F(1, 44) = 12.5, p = .001]. Other 
salient predictors of growth in spelling skills were letter knowledge (additional 9.0% variance 
in the English L1-Mandarin L2 group [F(1, 44) = 9.46, p = .004], and 22.1% in the Mandarin 
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L1-English L2 group [F(1, 44) = 26.5, p < .001]); and Mandarin verbal WM, which contributed 
an additional 5.5% of variance in spelling sophistication for Mandarin L1-English L2 
children [F(1, 44) = 4.78, p = .034].  
 Hierarchical regression analysis predicting growth in spelling skills after Time 1 was 
carried out for predictors that were found significant in the above simple regression analyses. 
As before, English tasks were analysed separately from the Mandarin tasks. Together with 
the control variables, English phonological awareness and letter knowledge explained 61.0% 
of the variance in growth of spelling skills for English L1-Mandarin L2 children and 76.3% 
for Mandarin L1-English L2 children, whereas the control variables, Mandarin WM and 
Mandarin phonological processing tasks accounted for a total of 58.3% of variance in 
spelling skill growth for English L1-Mandarin L2 children, and 67.2% for Mandarin L1-
English L2 children. As Table 9 shows, English syllable and phoneme awareness entered 
together at Step 2 predicted unique variance of 16.4% in English L1-Mandarin L2 children 
[F(2, 43) = 10.3, p < .001] and 28.2% in Mandarin L1-English L2 children [F(2, 43) = 21.4, p 
< .001]. Then, when letter knowledge was entered at Step 3, it did not account for any 
significant additional variance in spelling skill growth for the English L1-Mandarin L2 
children but it did explain an additional 7.9% for the Mandarin L1-English L2 children [F(1, 42) 
= 16.4, p < .001]. Similarly, Mandarin phoneme and syllable awareness predicted significant 
additional variance for growth in spelling skills above Mandarin verbal WM for both groups 
of children (additional 14.0% in EL1-ML2 children, [F(2, 42) = 8.22, p = .001]; additional 
22.8% in ML1-EL2 children, [F(2, 42) = 17.1, p < .001]). For English L1-Mandarin L2 
children, only the final Beta weight for English phoneme awareness was significant (p 
= .004). However, for the Mandarin L1-English L2 children, significant Beta weights were 
found for English syllable awareness (p = .027), English phoneme awareness (p < .001) and 
letter knowledge (p < .001). As for the Mandarin variables, only the Beta weight for 
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Mandarin phoneme awareness was significant in the final analysis for English L1-Mandarin 
L2 children (p < .001), while both Mandarin phoneme awareness (p < .001) and WRAT 4 
word spelling (p = .007) at Time 1 were significant for the Mandarin L1-English L2 children. 
Table 9. Hierarchical regression predicting spelling sophistication at Time 2 with WRAT 4 
word spelling controlled as a function of language group 
 
 English language variables 
Step Variables 
English L1-Mandarin L2  Mandarin L1-English L2 



























































3 Letter knowledge .13 1.01 .61 .01  .36 4.05*** .76 .08*** 
 Mandarin language variables 
Step Variables 
English L1-Mandarin L2  Mandarin L1-English L2 





































2 Verbal WM 
 
.08 .65 .45 .01 
 
 .08 .83 .43 .06
* 
 




















Note: N = 50 in each language group. 
*
 p < .05; 
**
 p < .01; 
***
 p < .001. 
a
 Similar results obtained when  Mandarin vocabulary is entered in Step 1.    
 
 To summarise, including the autoregressor in analyses gave broadly similar results to 
those obtained for predicting overall spelling sophistication at Time 2. Again, phoneme 
awareness in either English or Mandarin was the most important predictor among the other 
phonological processing tasks for both types of bilingual children. Syllable awareness and 
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letter knowledge also contributed significantly to spelling sophistication in Mandarin L1-
English L2 children. 
Although the stability of spelling sophistication from Time 1 to Time 2 and shared 
variance between predictors and spelling ability at Time 1 are the main reasons for the lack of 
unique contributions by RAN and verbal STM, there may be other explanations too. RAN has 
been shown to be associated with certain aspects of reading such as orthographic knowledge 
(Manis et al., 1999), suggesting it is a measure of efficiency in retrieval of arbitrary item-
specific knowledge. If this is the case, RAN might contribute unique variance to irregular 
word spelling but not regular word spelling. Similarly, if children use direct retrieval 
strategies when the words are easier (and more familiar), there may a difference in the 
contributions of RAN to high frequency words and low frequency words. It is likely that the 
contributions of RAN would increase with age as children gain in language proficiency and 
are able to use the direct retrieval strategy in their spellings, as observed in a longitudinal 
study by Kirby et al., (2003). The lack of unique contribution of verbal memory was also 
reported in other studies of spelling development (e.g., Ouellette & Senechal, 2008) and 
reading ability (e.g., de Jong & van der Leij, 1999). Parrila et al.‟s (2004) explanation for this 
is that verbal STM shares its variance with other phonological processing tasks. Phonological 
processes that may be shared with verbal STM might be the temporary activation of 
phonological representations and phonological perception skills (Adams & Gathercole, 2000).  
One of the most interesting findings was that variance accounted for by all predictors 
in both sets of regressions analyses was greater for the Mandarin L1-English L2 group than 
the English L1-Mandarin L2 group. This seems counterintuitive especially since previous 
studies found predictors to contribute more in native English children compared to English 
L2 children (e.g., Jongejan et al., 2007). Other non-phonological factors not measured in this 
study, such as syntactic awareness, orthographic awareness or even print exposure, might 
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account for the greater unexplained variance in spelling for English L1-Mandarin L2 children 
than Mandarin L1-English L2 children. Nevertheless, it remains clear that phoneme 
awareness is important for growth in spelling skills during kindergarten regardless of the 
phonology and orthography of the child‟s L1. Letter knowledge was the only unique 
predictor for Mandarin L1-English L2 children, suggesting these children may be relying on 
other information to compensate for relatively weaker phoneme awareness compared to 
English L1-Mandarin L2 children.   
Language Specificity of Predictors 
 Having established the predictors important for spelling sophistication, the third 
objective regarding language specificity of predictors will now be addressed. 
Correlations Between Predictors Across Languages 
 The correlations between predictors across languages can be seen from Table 4. 
English phonological processing skills tended to be moderately correlated with Mandarin 
phonological processing skills for both groups. Phonological awareness was highly correlated 
across the languages for both groups (range from r = .7 to .8) while the other phonological 
processing tasks were only moderately correlated (range from r = .3 to .5). The high 
correlation between phonological awareness for English L1-Mandarin L2 and Mandarin L1-
English L2 groups suggests that phonological awareness itself is a language-general skill, i.e., 
children who were good at phonological awareness in English were also good at phonological 
awareness in Mandarin. Phonological awareness can be applied even across languages as 
dissimilar as Mandarin and English. Other phonological processing skills, such as verbal 
STM, WM and RAN, were only moderately correlated between the languages and both 
groups of children showed comparable correlations for the tasks. Though all correlations 
between phonological processing skills across languages were significant, verbal STM had a 
lower correlation across the languages than the other processes, giving some support to the 
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theory that verbal STM may be language-specific, due to the application of long term 
knowledge on information held in short term memory. On the other hand, verbal WM and 
RAN may share common processes that are independent of language which accounted for 
their moderate correlations. For verbal WM, an executive control system controls the 
distribution of resources across modalities (Baddeley & Logie, 1999), while in rapid naming, 
the process of mapping visual symbols to labels (Manis et al., 1999) takes place independent 
of language. Overall, this pattern of results supports previous claims that phonological 
processing abilities are associated across languages (Gottardo, et al., 2001; McBride-Chang 
& Ho, 2005) and suggests that some aspects of phonological processing may be applied 
across two dissimilar languages.  
Efficacy of L1 and L2 Predictors 
 Previous research has shown that native phonological processing abilities are better 
predictors for both L1 and L2 literacy skills. For example, McBride-Chang and Ho (2005) 
tested both English (L2) and Chinese (L1) phonological processing abilities in young Chinese 
children in Hong Kong and showed only Chinese (L1) phonological processing tasks 
predicted both English (L2) and Chinese (L1) word reading. However, when they used an 
English developmental spelling measure as a proxy for phoneme awareness instead of 
syllable deletion, the developmental spelling measure was a significant predictor for English 
reading. Hence, their lack of significance for L2 phonological processing abilities may be due 
to the lack of sensitivity of the phonological awareness measure in relation to the level 
required for the target language.  
In the present study, when phonological processing abilities were entered together 
after control variables, both English and Mandarin variables predicted spelling sophistication 
equally well for both groups of bilingual children. For the English L1-Mandarin L2 children, 
English phonological abilities accounted for an additional 18-37% of variance in spelling 
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sophistication, while their L2 (Mandarin) phonological processing abilities accounted for an 
additional 14-34%, depending on whether prior word spelling ability was controlled for. For 
Mandarin L1-English L2 children, Mandarin phonological processing abilities accounted for 
an additional 29-40% of the variance, while their L2 (English) phonological processing 
abilities predicted an additional 30-45%. Although English phonological processing abilities 
accounted for more variance in predicting spelling sophistication than Mandarin phonological 
processing abilities for both groups of children, the additional variance was comparable to 
that accounted for by the Mandarin skills. Similarly, Gottardo and colleagues (2001) found 
that both L1 and L2 phonological processing contributed significantly to English L2 reading 
in children with Cantonese as L1. Results from this study is further evidence for both L1 and 
L2 phonological processing skills being useful predictors for English literacy development in 
bilingual children even when the two languages are dissimilar. 
Hence, although Mandarin and English differ markedly in terms of phonology and 
orthography, phonological processing in L1 or L2 were equally good predictors of English 
spelling for these children, suggesting some shared language-general components (such as 
phoneme awareness) in phonological processing abilities.  
General Discussion 
Spelling is a more demanding task than reading (Bosman & Van Orden, 1997), and is 
likely to be more challenging for English L2 children. In this study, children‟s early spelling 
attempts were scored in terms of spelling sophistication, and scores were used to investigate 
the underlying cognitive-linguistic processes involved in spelling. Measures of letter 
knowledge and parallel English and Mandarin versions of phonological processing tasks were 
administered at Time 1, whereas an experimental spelling task was administered six months 
later at Time 2. There were three main objectives. The first objective was to compare English 
L1-Mandarin L2 and Mandarin L1-English L2 children on English and Mandarin 
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phonological processing skills and letter knowledge. The second objective was to determine 
the skills that contribute to overall spelling sophistication and growth of early spelling skills 
over six months in these two bilingual groups, and the third objective was to compare the 
efficacy of second language phonological processing skills with first language phonological 
processing.  
Results of this study show that, first, there were significant group differences on 
phoneme awareness (English and Mandarin), RAN (Mandarin), verbal STM (Mandarin) and 
letter knowledge. Performances on these tasks depended on children‟s first language and 
language of task. As children had greater exposure in their respective L1s, this resulted in 
differential awareness of phonological structures, as observed from their performance on 
syllable and phoneme awareness tasks (see also McBride-Chang et al., 2004) and different 
rates of lexical access, as measured by RAN. The results on the verbal memory tasks also 
suggest that the application of long term knowledge to short term memory information is 
more proficient when it is carried out in the children‟s L1 (Adams & Gathercole, 2000). 
Second, longitudinal predictors of English L1-Mandarin L2 children‟s spelling 
sophistication were different from Mandarin L1-English L2 children and were affected by the 
inclusion of prior spelling ability. The most important predictor for English L1-Mandarin L2 
children was phoneme awareness; whereas phoneme awareness, syllable awareness and letter 
knowledge were important predictors for Mandarin L1-English L2 children. Phoneme 
awareness, a common predictor for both groups of children, highlights the importance of the 
alphabetic principle in acquiring an alphabetic language such as English, even for English L2 
learners who have a nonalphabetic language as L1 (see also McBride-Chang & Treiman, 
2003). However, because of relatively poorer phoneme awareness skills, these Mandarin L1-
English L2 children also have to rely on other abilities, i.e., syllable awareness and letter 
knowledge, to support their spellings. 
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Lastly, both English and Mandarin phonological processing skills can be used to 
explain English spelling sophistication in both English L1-Mandarin L2 and Mandarin L1-
English L2 children. Significant moderate to high correlations were also obtained for English 
phonological processing tasks with Mandarin phonological processing tasks (e.g., Gottardo, 
et al., 2001; McBride-Chang & Ho, 2005). These results suggest that some aspects of 
phonological processing are language-general skills that can be applied across languages 
regardless of differences in phonology or orthography. 
The present study has several advantages over previous studies conducted on English 
literacy development in bilingual children. The children who participated in this study were 
all bilinguals with the same pair of languages, and attend kindergartens with standardized 
instruction. This eliminates possible problems when comparing bilinguals with monolinguals 
because bilinguals have been argued to have better metalinguistic awareness (Bialystok et al., 
2005), and when using bilinguals from diverse language backgrounds because different L1s 
affect the types of skills bilingual children acquire and apply to English L2 learning 
(Bialystok et al., 2003). Since instruction in kindergartens is standardized, differences 
between the two groups of bilinguals can be attributed to their L1 and not to methods of 
instruction.  
Another advantage is that although the English and Mandarin language are different 
in phonological and orthographic characteristics, parallel tasks in phonological processing 
were developed to allow comparison across languages. In previous studies, Gottardo et al. 
(2001) used a rhyme detection task which can be argued to measure onset-rime rather than 
phoneme; while McBride-Chang and Ho (2005) used syllable deletion tasks. The use of 
parallel tasks was important when comparing the value of L1 and L2 phonological processing 
abilities in predicting spelling sophistication.  
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Furthermore, few studies have approached spelling development in the same way, 
which is to investigate the cognitive-linguistic skills using detailed analyses of spelling 
sophistication in children‟s spelling, rather than describing qualitatively what children spell. 
Young children are yet to be able to spell conventionally so by use of a composite scoring 
system that factors in the phonological and orthographic features in the spelling response, it 
reveals linguistic knowledge that otherwise would be concealed if spellings were merely 
scored as correct or incorrect. As seen in this study, the two bilingual groups did not differ in 
overall conventional spelling accuracy on formal versions of a spelling test (WRAT 4) and an 
experimental spelling task. However, better spellers can be distinguished using a spelling 
sophistication scoring system, such as that developed by Tangel and Blachman (1992) or 
Treiman and Bourassa (2000). Thus, early spelling attempts have differing levels of 
sophistication which allows us to discern the cognitive-linguistic skills used by children.  
The results of this study suggest several other issues could be looked at in future. First, 
children could be followed over a longer period of time as when exposure to English 
increases, changes in oral proficiency might affect the predictors that contribute to spelling 
ability and spelling sophistication. Jongejan et al. (2007) found different predictors for 
spelling in lower and upper grade students. For native English children in lower grades, 
important predictors were phonological awareness and verbal working memory; whereas in 
the upper grades, syntactic awareness and verbal working memory were important. For 
Jongejan et al.‟s (2007) English L2 learners, only phonological awareness was a significant 
predictor in lower grades, and phonological awareness and lexical access were important in 
the upper grades. These findings suggest that important predictors may change with increased 
language proficiency.  
Second, in this study, a single task was used for each phonological processing skill 
because a full battery of measures proved too time-consuming.  A more reliable gauge of the 
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skills would involve the assessment of each phonological processing skill. Increasing the 
sample size would also allow for greater reliability with higher variable-to-case ratios. Third, 
the method used for testing letter knowledge in this study was different from that reported in 
other studies (e.g., McBride-Chang, 1999; McBride-Chang & Ho, 2005). Typically, other 
studies presented letters of the alphabet on cards and asked children to either say the letter-
sound or letter-name. Letter knowledge here was assessed by asking children to write down 
letters based on oral presentations of the letter-name or letter-sound. This new procedure may 
have involved other processes (e.g., motor skills, auditory perception). Also, only seven 
letter-names and letter-sounds were tested in this study which may not give enough variance 
given that children learn letter names and letter sounds at a very early stage. For this reason, 
more items should be tested. Though letter name and letter sound knowledge were combined 
in this study, previous research have suggested that letter name and letter sound knowledge 
have separable effects (Wagner, Torgesen, & Rashotte, 1994). McBride-Chang (1999) found 
that letter-name and letter-sound knowledge contributed unique variance in predicting 
reading development, and have different developmental patterns. This supports proposals by 
Treiman and Cassar (1994) that letter-sound knowledge follows acquisition of letter-names 
and is influenced by the linguistic features of letter names. Thus, it would be interesting to 
investigate if these two types of knowledge contribute independent variance to spelling 
ability and function differently in the development of spelling in bilingual children.  
Lastly, the list of words on the experimental spelling task could be expanded to 
include words of greater orthographic and morphological complexity. Simple CVCs and 
CCVCs were used for this study, but with greater complexity, the scoring system may be 
expanded on the higher end of the scale and helps to discriminate the better spellers, who 
have incorporated orthographic and morphological features, from others. Children‟s spelling 
responses could also be scored using other scoring procedures to validate the use of the 
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composite scoring system. Researchers have tried to tease apart the children‟s use of 
phonological knowledge and orthographic knowledge by assessing such knowledge 
separately using different scales for phonology and orthography. For example, Bruck, 
Treiman, Caravolas, Genesee and Cassar (1998) used a phonological skeleton measure that 
coded spellings according to whether it had the same consonant-vowel structure as the target 
word; and an orthographic acceptability measure that coded spellings according to whether 
they contained legal or illegal sequences of graphemes. Use of separate phonological and 
orthographic scoring systems may give greater insight to the types of predictors that 
contribute to the development of phonological and orthographic knowledge. More research is 
needed to improve scoring measures that can inform teachers and researchers about specific 
underlying cognitive-linguistics processes. 
A practical implication from these results is that phoneme awareness should be 
emphasised in young English L2 learners as it remains the most important skill for 
acquisition of an alphabetic language even though the nature of the L1 may be vastly 
different from English. English L1-Mandarin L2 children developed phoneme awareness 
with exposure to the English language, without explicit training in phoneme awareness. 
However, explicit training in phoneme awareness should be provided for Mandarin L1-
English L2 children as they have less exposure to the English language. Bialystok et al. (2005) 
suggested that Hong Kong Cantonese L1-English L2 children showed no improvement in 
phoneme awareness due to the lack of explicit teaching compared to Canadian Cantonese L1-
English L2 bilinguals. Hence, it seems pertinent that these children with poor phonological 
awareness be taught phoneme awareness explicitly, given that such a skill is important in 
acquiring English.  
Since phonological awareness is a language-general skill, Mandarin L1-English L2 
children can first be exposed to Hanyu Pinyin, a phonetic (alphabetic) coding system for 
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Mandarin characters. Children from China, who were exposed to Pinyin, showed better 
English and Mandarin phoneme onset awareness than children from Hong Kong, who learnt 
using a look-see method (McBride-Chang et al., 2004). Mandarin L1-English L2 children 
pick up the skills and knowledge required of an alphabetic language through exposure to 
Pinyin and apply these same skills on English. It is with this emphasis on phoneme awareness 
that Mandarin L1-English L2 children will be able to facilitate their reading and spelling by 
developing phonological awareness at the same rate and reaching the same proficiency as 
English L1-Mandarin L2 children.  However, the English language has a complex syllabic 
structure with multiple consonant clusters compared to Mandarin. Though exposure to Pinyin 
may have given Mandarin L1-English L2 children insight into the alphabetic principle, given 
the simple CVC structure of Mandarin syllables, it would be interesting to see how these 
children now perform in spelling consonant clusters.  
In addition to phoneme awareness, understanding of letter-sound rules are important 
to become proficient English spellers. Letter knowledge, both letter-name and letter-sound, 
are essential to English learners understanding the relationship between print and sound 
(McBride-Chang & Treiman, 2000) and is an additional source of support for the Mandarin 
L1-English L2 children with poor phonological awareness.. Although exposure to Pinyin 
allows Mandarin L1-English L2 children to pick up phoneme awareness, there are different 
phonemes in Mandarin and English and this leads to different letter-sound representations. 
Wang and Geva (2003b) showed that Cantonese L1-English L2 children have difficulty 
representing L2 phonemes that are absent in their L1 (e.g., /v/ is absent in Mandarin). Hence, 
it is vital to also emphasize on English letter-sound knowledge so that Mandarin L1-English 
L2 children build up phonological knowledge and letter-sound rules appropriate to the 
English language. 
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The importance of phoneme awareness and letter-knowledge for enhancing spelling 
sophistication and approximations to conventional spelling is testament to the efficacy of the 
alphabetic principle. Although English L2 children are able to pick up the required 
knowledge and skills through their limited exposure to English and utilize them in acquiring 
spelling sophistication, there is a need to provide further support to English L2 children so 
that they can reach the same level of proficiency as English L1 children.  
  63 
 
References 
Adams, A.-M. & Gathercole, S. E. (2000). Limitations in working memory: implications for 
language development. International Journal of Language & Communication 
Disorders, 35 (1), 95-116. 
Anthony, J. L. & Francis, D. J. (2005). Development of phonological awareness. Current 
Directions in Psychological Science, 14, 255-259. 
Anthony, J. L., & Lonigan, C. J. (2004). The nature of phonological awareness: Converging 
evidence from four studies of preschool and early grade school children. Journal of 
Educational Psychology, 96, 43–55. 
Baddeley, A. D. (1986). Working memory. Oxford, England: Oxford University Press. 
Baddeley, A. D. (2003). Working memory and language: An overview. Journal of 
Communicative Disorders, 36, 189-208. 
Baddeley, A. D., Gathercole, S. E. & Papagno, C. (1998). The phonological loop as a 
language learning device. Psychological Review, 105, 158–173.     
Baddeley, A. D. & Logie, R. H. (1999). The multiple-component model. In A. Miyake & P. 
Shah (Eds.), Models of working memory: Mechanisms of active maintenance and 
executive control (pp. 28-61). Cambridge, England: Cambridge University Press. 
Bialystok, E., Luk, G., & Kwan, E. (2005). Bilingualism, biliteracy, and learning to read: 
Interactions among languages and writing systems. Scientific Studies of Reading, 9, 
43-61.Bialystok, E., Majumder, S., & Martin, M. M. (2003). Developing phonological 
awareness: Is there a bilingual advantage? Applied Psycholinguistics, 24, 27–44. 
Bialystok, E., McBride-Chang, C., & Luk, G. (2005). Bilingualism, language proficiency, 
and learning to read in two writing systems. Journal of Educational Psychology, 97, 
580–590. 
  64 
 
Bosman, A. M. T; Van Orden, G. C. (1997). Why spelling is more difficult than reading. In C. 
A. Perfetti, L. Rieben & M. Fayol (Eds), Learning to spell: Research, theory, and 
practice across languages. (pp. 173-194). Hillsdale, NJ: Lawrence Erlbaum 
Associates.  
Bowers, P. G. (1995). Tracing symbol naming speed‟s unique contributions to reading 
disabilities over time. Reading and Writing: An Interdisciplinary Journal, 7, 189-216.  
Bruck, M., Treiman, R., Caravolas, M., Genesee, F., & Cassar, M. (1998) Spelling skills of 
children in whole language and phonics classrooms. Applied Psycholinguistics, 19, 
669-684.  
Byrne, B. (1998). The foundation of literacy: The child's acquisition of the alphabetic 
principle. Hove: Psychology Press. 
Caravolas, M. & Bruck, M. (1993). The effect of oral and written language input on 
children‟s phonological awareness: a cross-linguistic study. Journal of Experimental 
Child Psychology, 55, 1-30. 
Caravolas, M., Hulme, C. & Snowling, M.J. (2001). The foundations of spelling ability: 
evidence from a 3-year longitudinal study. Journal of Memory & Language, 45, 751-
774.  
Chiappe, P., Siegel, L. S. & Gottardo, A. (2002). Reading-related skills of kindergartners 
from diverse linguistic backgrounds. Applied Psycholinguistics, 23, 95-116. 
Chiappe, P., Siegel, L. S., & Wade-Woolley, L. (2002). Linguistic diversity and the 
development of reading skills: A longitudinal study. Scientific Studies of Reading, 6, 
369–400. 
Cheung, H., Chen, H.-C., Lai, C.Y., Wong, O.C. & Hills, M. (2001). The development of 
phonological awareness: effects of spoken language experience and orthography. 
Cognition, 81, 227-241. 
  65 
 
Cisero, C.A., & Royer, J. M. (1995). The development of cross-language transfer of 
phonological awareness. Contempory Educational Psychology, 20, 275-303. 
Clarke, P., Hulme, C. & Snowling, M. (2005). Individual differences in RAN and reading: a 
response timing analysis. Journal of Research in Reading, 28, 73-86. 
Comeau, L., Cormier, P., Grandmaison, E. & Lacroix, D. (1999). A longitudinal study of 
phonological processing skills in children learning to read in a second language. 
Journal of Educational Psychology, 91, 29-43. 
Compton, D. L. (2003). Modeling the relationship between growth in rapid naming speed and 
growth in decoding skill in first-grade children. Journal of Educational Psychology, 
95, 225–239. 
de Jong, P. F. & van der Leij, A. (1999). Specific contributions of phonological abilities to 
early reading acquisition: Results from a Dutch latent variable longitudinal study. 
Journal of Educational Psychology, 91, 450-476. 
Durgunoglu, A. Y., Nagy, W. E., & Hancin-Bhatt, B. J. (1993). Cross-language transfer of 
phonological awareness. Journal of Educational Psychology, 85, 453–465. 
Durgunoglu, A.Y., & Oney, B. (1999).  A cross-linguistic comparison of phonological 
awareness and word recognition. Reading and Writing, 11, 281-299. 
Ehri, L.C. (1997).  Learning to read and learning to spell are one and the same, almost. In 
C.A. Perfetti, L. Rieben, & M. Fayol, (Eds.), Learning to spell:  Research, theory, and 
practice across languages, (p.p. 237-269).  Hillsdale, NJ: Lawrence Erlbaum 
Associates.  
Felton, R. H., Naylor, C. E., & Wood, F. B. (1990). Neuropsychological profile of adult 
dyslexics. Brain and Language, 39, 485–497. 
  66 
 
Figueredo, L. (2006). Using the known to chart the unknown: A review of first-language 
influence on the development of English-as-a-second-language spelling skill. Reading 
and Writing, 19, 873-905. 
Foley, J. A. (1998). The new Englishes: Language in the home. In J.A. Foley (Ed.) English in 
New Cultural Contexts: Reflections from Singapore, (p.p. 218-243). Singapore: 
Oxford University Press. 
Frith, U. (1980). Unexpected spelling problems. In U. Frith (Ed.), Cognitive Processes in 
Spelling. London: Academic Press. 
Gathercole, S. E. (1995). Is nonword repetition a test of phonological memory or long-term 
knowledge? It all depends on the nonwords. Memory and Cognition, 23, 83-94. 
Gathercole, S. E. (1999). Cognitive approaches to the development of short-term memory. 
Trends in Cognitive Sciences, 3 (11), 410-419. 
Gathercole, S. E., Hitch, G. J., Service, E. & Martin, A. J. (1997). Phonological short-term 
memory and new word learning in children. Developmental Psychology, 33, 966-979. 
Gathercole, S. E., Lamont, E. & Alloway, T. P. (2006). Working memory in the classroom. In 
S. J. Pickering (Ed.) Working Memory and Education, (p.p. 220-242). Amsterdam: 
Academic Press. 
Gottardo, A., Yan, B., Siegel, L. & Wade-Woolley, L. (2001). Factors related to English 
reading performance in children with Chinese as a first language; More evidence of 
cross-language transfer of phonological processing. Journal of Educational 
Psychology, 93, 530 – 542. 
Gupta, A. F. (1998). The situation of English in Singapore. In J.A. Foley (Ed.) English in 
New Cultural Contexts: Reflections from Singapore, (p.p. 106-126). Singapore: 
Oxford University Press. 
  67 
 
Ho, C. S.-H. & Lai, D. N.-C. (1999). Naming-speed deficits and phonological memory 
deficits in Chinese developmental dyslexia. Learning and Individual Differences, 11,  
173-186. 
Hu, C.-F. (2003). Phonological memory, phonological awareness, and foreign language word 
learning. Language Learning, 53, 429-462. 
Hu, C.-F. & Catts, H. W. (1998). The role of phonological processing in early reading ability: 
What we can learn from Chinese. Scientific Studies of Reading, 2, 55-79. 
Hulme, C., Maughan, S. & Brown, G. D. A. (1991). Memory for familiar and unfamiliar 
words: Evidence for a long-term memory contribution to short-term memory span. 
Journal of Memory and Language, 30, 685-701.  
Huang, H.-S. & Hanley, J. R. (1995). Phonological awareness and visual skills in learning to 
read Chinese and English. Cognition, 54, 73 – 98.  
Jongejan, W. Verhoeven, L. & Siegel, L. S. (2007). Predictors of reading and spelling 
abilities in first- and second-language learners. Journal of Educational Psychology, 99, 
835-851. 
Kirby, J. R., Parrila, R. K., & Pfeiffer, S. L. (2003). Naming speed and phonological 
awareness as predictors of reading development. Journal of Educational Psychology, 
95, 453–464. 
Kucera, H. & Francis, W. N. (1967). Computational Analysis of Present-Day American 
English. Providence: Brown University Press. 
Leong, C. K. (1997). Paradigmatic analysis of Chinese word reading: Research findings and 
classroom practices. In C. K. Leong & R.M. Joshi (Eds.), Cross-language studies of 
learning to read and spell: Phonological and orthographic processing (pp. 379–417). 
Dordrecht, The Netherlands: Kluwer Academic. 
  68 
 
Lesaux, N. K., Rupp, A. A. & Siegel, L. S. (2007). Growth in reading skills of children from 
diverse linguistic backgrounds: findings from a 5-year longitudinal study. Journal of 
Educational Psychology, 99, 821-834.  
Li, P., Sepanski, S. & Zhao, X. (2006). Language history questionnaire: A web-based 
interface for bilingual research. Behavior Research Methods, 38 (2), 202-210. 
Lindsey, K. A., Manis, F. R., & Bailey, C. E. (2003). Prediction of first-grade reading in 
Spanish-speaking English language learners. Journal of Educational Psychology, 95, 
482–494. 
Lipka, O. & Siegel, L. S. (2007). The development of reading skills in children with English 
as a second language. Scientific Studies of Reading, 11 (2), 105-131. 
Loo, S. C. (1989). Frequency dictionary of Chinese characters, words and phrases used in 
Singapore primary school textbooks. Singapore: Chinese Language and Research 
Centre, National University of Singapore.  
MacDonald, G. W. & Cornwall, A. (1995). The relationship between phonological awareness 
and reading and spelling achievement eleven years later. Journal of Learning 
Disabilities, 28, 523–527. 
Majerus, S., Van der Linden, M., Mulder, L., Meulemans, T. & Peters, F. (2004). Verbal 
short-term memory reflects the sublexical organization of the phonological language 
network: Evidence from an incidental phonotactic learning paradigm. Journal of 
Memory and Language, 51, 297-306. 
Manis, F. R., Seidenberg, M. S. & Doi, L. M. (1999). See Dick RAN: Rapid naming and the 
longitudinal prediction of reading subskills in First and Second Graders. Scientific 
Studies of Reading, 3(2), 129-157. 
Masoura, E. V. & Gathercole, S. E. (1999). Phonological short-term memory and foreign 
language learning.  International Journal of Psychology, 34, 383-388. 
  69 
 
McBride-Chang, C. (1995). What is phonological awareness? Journal of Educational 
Psychology, 87, 179–192.  
McBride-Chang, C. (1998). The development of invented spelling. Early Education and 
Development, 9, 147-160. 
McBride-Chang, C. (1999). The ABCs of the ABCs: The development of letter-name and 
letter-sound knowledge. Merrill-Palmer Quarterly, 45, 285-308.  
McBride-Chang, C., Bialystok, E., Chong, K. K. Y, & Li, Y. (2004). Levels of phonological 
awareness in three cultures. Journal of Experimental Child Psychology, 89, 93-111. 
McBride-Chang, C. & Ho, C. S.-H. (2005). Predictors of beginning reading in Chinese and 
English: A 2-year longitudinal study of Chinese kindergarteners. Scientific Studies of 
Reading, 9, 117–144. 
McBride-Chang, C. & Kail, R. V. (2002). Cross-cultural similarities in the predictors of 
reading acquisition. Child Development, 73, 1392-1407. 
McBride-Chang, C., Tong, X., Shu, H., Wong, A. M.-Y., Leung, K.-W. & Tardif, T. (2008). 
Syllable, phoneme and tone: Psycholinguistic units in early Chinese and English word 
recognition. Scientific Studies of Reading, 12 (2), 171-194. 
McBride-Chang, C. & Treiman, R. (2003). Hong Kong Chinese kindergarteners learn to read 
English analytically. Psychological Science, 14, 138-143. 
Muter, V. & Diethelm, K. (2001). The contribution of phonological skills and letter 
knowledge to early reading development in a multilingual population. Language 
Learning, 51, 187–219. 
Muter, V. & Snowling, M. (1998). Concurrent and longitudinal predictors of reading: The 
role of metalinguistic and short-term memory skills. Reading Research Quarterly, 33, 
320-337. 
  70 
 
Ouellette, G. P. & Senechal, M. (2008). A window into early literacy: Exploring the cognitive 
and linguistic underpinnings of invented spelling. Scientific Studies of Reading, 12 (2), 
195-219. 
Parrila, R., Kirby, J. R. & McQuarrie, L. (2004). Articulation rate, naming speed, verbal 
short-term memory, and phonological awareness: Longitudinal predictors of early 
reading development? Scientific Studies of Reading, 8 (1), 3-26. 
Pickering, S. J., & Gathercole, S. E. (2001). Working memory test battery for children. 
London: Psychological Corporation. 
Raven, J. C., Court, J. H. & Raven, J. (1995). Raven’s Colored Progressive Matrices. Oxford, 
UK: Oxford Psychologists Press.  
Rayner, K., Foorman, B.R., Perfetti, C.A., Pesetsky, D. & Seidenberg, M. (2001).  How 
psychological science informs the teaching of reading.  Psychological Science in the 
Public Interest, 2, 31 – 74. 
Read, C. (1975). Children’s categorizations of speech sounds in English. Urbana, IL: 
National Council of Teachers of English.  
Rickard Liow, S. J. (1999). Reading skill development in bilingual Singaporean children. In 
M. Harris & G. Hatano (Eds.), Learning to read and write: A cross-linguistic 
perspective, (pp. 196–213). New York: Cambridge University Press. 
Rickard Liow, S. J. & Lau, L. H.-S. (2005). Home language and Bilingual Children‟s early 
spelling skills. Child Development. 
Rickard-Liow, S. J. & Poon K.-L. K. (1998). Phonological awareness in multilingual Chinese 
speaking children. Applied Psycholinguistics, 19, 339-362. 
Rittle-Johnson, B. & Siegler, R.S. (1999).  Learning to spell:  Variability, choice, and change 
in children‟s strategy use.  Child Development, 70, 332-348. 
  71 
 
Snowling, M. & Hulme, C. (1994). The development of phonological skills. Philosophical 
Transactions of the Royal Society B, 346, 21–28. 
Stanovich, K. E. (1992). Speculations on the causes and consequences of individual 
differences in early acquisition. In P. B. Gough, L. E. Ehri, & R. Treiman (Eds.), 
Reading acquisition (pp. 307–342). Hillsdale, NJ: Erlbaum. 
Swanson, H. L. & Howell, M. (2001). Working memory, short-term memory, and speech rate 
as predictors of children‟s reading performance at different ages. Journal of 
Educational Psychology, 93, 720-734. 
Swanson, H. L., Saez, L., Gerber, M. & Leafstedt, J. (2004). Literacy and cognitive 
functioning in bilingual and nonbilingual children at or not at risk for reading 
disabilities. Journal of Educational Psychology, 96, 3-18. 
Tangel, D. M. & Blachman, B. A. (1992). Effect of phoneme awareness instruction on 
kindergarten children‟s invented spelling. Journal of Reading Behavior, 24, 233-261. 
Thorn, A. S. C. & Gathercole, S. E. (1999). Language-specific knowledge and short-term 
memory in bilingual and non-bilingual children. The Quarterly Journal of 
Experimental Psychology, 52A, 303 – 324.   
Thorn, A. S. C., Gathercole, S. E. & Frankish, C. R. (2005). Redintegration and benefits of 
long-term knowledge in verbal short-term memory: An evaluation of Schweickert‟s 
(1993) multinomial processing tree model. Cognitive Psychology, 50, 133-158. 
Torgesen, J. K., Wagner, R. K., Rashotte, C. A., Burgess, S. & Hecht, S. (1997). 
Contributions of phonological awareness and rapid automatic naming ability to the 
growth of words-reading skills in second- to fifth-grade children. Scientific Studies of 
Reading, 1, 161-185. 
  72 
 
Treiman, R. (1991). Phonological awareness and its roles in learning to read and spell. In D. J. 
Sawyer & B. J. Fox (eds.), Phonological awareness and reading: Tthe evolution of 
current perspective (pp. 159-189). New York: Springer Verlag. 
Treiman, R. (1993). Beginning to Spell. New York: Oxford University Press. 
Treiman, R. (1997). Introduction to special issue on spelling. Reading and Writing An 
Interdisciplinary Journal, 9, 315–319. 
Treiman, R. & Bourassa, D. (2000). Children‟s written and oral spelling. Applied 
Psycholinguistics, 21, 183-204. 
Treiman, R. & Cassar, M. (1994). Spelling acquisition in English. In G. D. A. Brown & N. C. 
Ellis, (Eds.), Handbook of Spelling: Theory, process and intervention (pp. 61-80). 
New York: J. Wiley. 
Treiman, R., Tincoff, R., & Richmond-Welty, E. D. (1996). Letter names help children to 
connect print and speech. Developmental Psychology, 32, 505–514. 
Treiman, R., & Zukowski, A. (1991). Levels of phonological awareness. In S. A. Brady & D. 
P. Shankweiler (Eds.), Phonological processes in literacy: A tribute to Isabelle Y. 
Liberman (pp. 67–83). Hillsdale, NJ: Erlbaum. 
Wagner, R. K. & Torgesen, J. K. (1987). The nature of phonological processing and its causal 
role in the acquisition of reading skills. Psychological Bulletin, 101, pp. 192–212. 
Wagner, R. K., Torgesen, J. K., Laughon, P., Simmons, K. & Rashotte, C. A. (1993). 
Development of young readers‟ phonological processing abilities. Journal of 
Educational Psychology, 85, 83-103.  
Wagner, R. K., Torgesen, J. K. & Rashotte, C. A. (1994). Development of reading-related 
phonological processing abilities: New evidence of bidirectional causality from a 
latent variable longitudinal study. Developmental Psychology, 30, 73-87. 
  73 
 
Wang, M. & Geva, E. (2003a). Spelling performance of Chinese children using English as a 
second language: Lexical and visual-orthographic processes. Applied 
Psycholinguistics, 24, 1-25. 
Wang, M. & Geva, E. (2003b). Spelling acquisition of novel English phonemes in Chinese 
children. Reading and Writing: An interdisciplinary Journal, 16, 325-348. 
Wilkinson, G. S. & Robertson, G. J. (2006). Wide Range Achievement Test 4 (WRAT 4). Lutz, 
FL: Psychological Assessment Resources, Inc. 
Yeong, S. H. M. & Rickard Liow, S. J. (2008, July). Development of phonological awareness 
in pre-literate Mandarin L1-English L2 and English L1-Mandarin L2 bilingual 
children. Poster presented at the meeting of the Society for the Scientific Study of 
Reading, Asheville, NC. 
Yopp, H. K. (1988). The validity and reliability of phonemic awareness tests. Reading 
Research Quarterly, 23, 159–177. 
Ziegler, J. C. & Goswami, U. (2005). Reading acquisition, developmental dyslexia, and 
skilled reading across languages: A psycholinguistic grain size theory. Psychological 
Bulletin, 131 (1), 3-29.  
 
  74 
 
Appendix 1. 
Language Background Questionnaire - Kindergarteners 
 
We would appreciate it if you could fill in the blanks or tick the appropriate answer. Thank you! 
Contact details 
Address               Tel     
Your child’s details  
Name        Today’s date      
Date of birth       Gender      Male   Female 
Number of years in formal schooling     years 
Has your child lived in another country for some time? If yes, how long was that for?   years       months 
Parents’ details 
Mother’s name       
Highest level of education  PSLE  O levels  A levels  Poly diploma   University 
Other qualifications        
If not Singaporean, what’s your nationality?  . How long have you lived in Singapore?   years 
Are you a full time mother?   Yes   No 
Father’s name         
Highest level of education   PSLE  O levels  A levels  Poly diploma   University 
Other qualifications        
If not Singaporean, what’s your nationality?  . How long have you lived in Singapore?   years 
Your language use  
Please tick the language(s) that you and your husband/wife use with your child, and write down how much of the 
time you and your husband/wife use this language (e.g., 90% English, 10% Teochew). 
Mother’s language with child Father’s language with child Parents’ language with each 
other 
         
 %  English  %  English  %  English 
         
 %  Mandarin  %  Mandarin  %  Mandarin 
         
 %  Dialect    %  Dialect    %  Dialect  
         
 %  Malay  %  Malay  %  Malay 
         
 %  Tamil  %  Tamil  %  Tamil 
         
 %  Others    %  Others    %  Others  
  75 
 
Other caregivers’ language with your child 
 
Do you have a maid?   Yes   No 
Who looks after your child most of the time?  
 Mother  Father  Maid  Mother’s parents  Father’s parents   Others (specify)  
     
Please tick the language(s) that other main caregivers (e.g., maid or mother’s/father’s parents) use with your child, 
and write down how much of the time they use this language with your child (e.g., 60% Teochew, 40% English). 
Other caregivers’ language   
         
 %  English  %  Malay  %  Other 
         
 %  Mandarin  %  Tamil  %  Other 
 
Your child’s language proficiency 
 
 Please rank the languages that your child speaks according to how well he/she speaks that language. 
For rank 1, write the language he/she speaks best; for rank 2, write the next language he speaks best.  
 Then write down the age at which he/she was first exposed to this language. 
 Finally, please circle a number to rate how good your child’s understanding for this language is, and 
circle a number to rate how good your child’s speaking ability for this language is. 
 
Here’s a finished example:  
Rank Language 
 Age of first 
exposure 
    











Speaking 1 2 3 4 5 6 7  
  





Understanding 1 2 3 4 5 6 7  
 
Speaking 1 2 3 4 5 6 7  
  




Understanding 1 2 3 4 5 6 7  
 
Speaking 1 2 3 4 5 6 7  
  
Please fill in the blanks and circle a number on the rating scale. 
 
Rank Language  
Age of first 
exposure 
 
   






Understanding 1 2 3 4 5 6 7  
 
Speaking 1 2 3 4 5 6 7  
  





Understanding 1 2 3 4 5 6 7  
 
Speaking 1 2 3 4 5 6 7  
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Understanding 1 2 3 4 5 6 7  
 
Speaking 1 2 3 4 5 6 7  
  
 
Are there any other languages that your child understands but does not speak? Please indicate the languages 
below if any. Finally, please circle a number to rate how good your child’s understanding for this language is. 
Rank Language  
Age of first 
exposure 
 
   
     Not good Average Very good 
a  
  Understanding 1 2 3 4 5 6 7  
            
      Not good Average Very good 
b    Understanding 1 2 3 4 5 6 7  
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Appendix 2. Test items used in phonological awareness tasks. 











11. workshop tools 
12. big airplane 
13. roadside stalls 
14. walk barefoot 
15. cardboard toy 
16. football boots 
17. new outfit 
18. outdoor games 
19. send postcard 
20. household chores 
21. newborn son 
22. clean bedroom 
23. go downstairs 
24. carpet stains 
25. farmhouse stay 
 
1. 牙膏 ya2 gao1 
2. 医药 yi1 yao4 
3. 池塘 chi2 tang2 
4. 手背 shou3 bei4 
5. 图纸 tu2 zhi3 
6. 眼镜 yan3 jing4 
7. 菜刀 cai4 dao1 
8. 熊猫 xiong2 mao1 
9. 握手 wo4 shou3 
10. 闪电 shan3 dian4 
11. 水龙头 shui3 long2 tou2 
12. 消防队 xiao1 fang2 dui4 
13. 降落伞 jiang4 luo4 san3 
14. 暴风雨 bao4 feng1 yu3 
15. 做功课 zuo4 gong1 ke4 
16. 科学院 ke1 xue2 yuan4 
17. 俱乐部 ju4 le4 bu4 
18. 圣诞节 sheng4 dan4 jie2 
19. 青少年 qing1 shao4 nian2 
20. 长颈鹿 chang2 jing3 lu4 
21. 联络所 lian2 luo4 suo3 
22. 小提琴 xiao3 ti2 qin2 
23. 蜘蛛网 zhi1 zhu1 wang3 
24. 游泳池 you2 yong3 chi2 
25. 玩游戏 wan2 you2 xi4 











1. 民 min2 
2. 攀 pan1 
3. 砰 peng1 
4. 扛 kang4 
5. 蒙 meng2 
6. 嫩 nen4 
7. 腾 teng2 
8. 农 nong2 
9. 汤 tang1 
10. 空 kong4 
  78 
 
Appendix 3. Experimental spelling test word list, sentences and points allotted to each word. 
 
Word Sentence Points 
lap One more lap of the swimming pool. 8 
cat Ann's cat had kittens. 8 
pig The pig eats all day. 8 
view Our view was blocked by others. 8 
vice  She is vice-principal of the school. 8 
vote We must vote for a leader. 8 
safe It is not safe to jaywalk. 8 
move Andy had to move house. 8 
live They live in a big house. 8 
dive They dive into the water. 8 
done My work is all done. 8 
date This letter has today's date. 8 
pipe The water pipe had burst. 8 
pope The Pope is head of the Catholic church. 8 
type This is a type of vegetable. 8 
beef I do not eat beef. 8 
curb The car hit the curb. 8 
dead We buried the dead cat. 8 
deep He took a deep breath. 8 
boat The boat sank in the sea. 8 
foam She always uses bath foam. 8 
look Look at the stars in the sky. 8 
maid My maid cooks for us. 8 
roof The roof is leaking. 8 
seem These problems seem difficult. 8 
team Our team won the competition. 8 
serve I will serve tea to the guests. 8 
verse Cindy read the verse aloud. 8 
fall Peter hurt his arm in a fall. 8 
tall Jack is as tall as James. 8 
sick I was sick yesterday. 8 
birth She gave birth to a baby girl. 8 
chief The Army chief was at the parade. 8 
fish Fish live in water. 8 
porch Our school bus picks us from the porch. 8 
tube They put a tube into the tank. 8 
train The train has left the station. 10 
blame They did not blame her for the mistake. 10 
grab They tried to grab the boy. 10 
stop Stop at the junction. 10 
club Which club do you belong to? 10 
dream She had a bad dream. 10 
blood He has blood on his hands. 10 
brief The teacher gave brief instructions. 10 
prove She must prove herself to others. 10 
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trade We trade cards with each other. 10 
bulb He changed the light bulb. 10 
film They went to watch a film. 10 
fold Peter likes to fold paper planes. 10 
mild Paul had a mild fever. 10 
past They walked past the library. 10 
build Mother asked us to build sandcastles. 10 
                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
